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INTRODUCTION. 


well-known fact, noticed already Rafinesque, 1820 
(Monogr. Coqu. Biv. Fluv.), that the Appalachian Mountain sys- 
tem forms, for many freshwater animals, sharp faunistic division 
line, which separates fauna known that the Basin 
from that the Slope (Mississippian and Atlantic Region 
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Simpson, 1893, 354, and 1900a, 505, pl. 18). But should 
noted, from the beginning, that this holds good only for certain 
groups animals, while others such differentiation observed. 

While this appears correct general way, investigations 
the details the relations the two faunas the eastern and 
the western side the Alleghenies are very few. fact, there are 
none whatever that have treated this question from broader view- 
point. The most elementary requirement, the study the actual dis- 
tributional facts freshwater animals, had been greatly neglected. 
From most the more important rivers (Susquehanna, Potomac, 
Allegheny, Monongahela, Kanawha) hardly any observations were 
hand, which would have permitted any definite opinion the 
general character their faunas, and the region the head- 
waters these, our previous knowledge was blank. 

For this reason, the present writer had first all undertake 
the task obtaining reliable and complete data with regard the 
fauna the various streams running off the Alleghenian divide. 
the course these studies became evident that the most im- 
portant group freshwater life formed the Najades Fresh- 
water Mussels. They offer two advantages: first they are very rich 
species, the natural affinities which are now rather clear; and 
second, they are forms which apparently possess exceptional 
means dispersal, that say, they are, rule, unable cross 
from one drainage system into another over land (either actively 
passively). This opinion mine agrees with that held Simpson 
(1900b), but sharp contrast that expressed Johnson 
(1905), who believes that “shells” “mollusks” general, and 
also especially Najades, have frequently been dispersed birds, etc. 
Such cases may happen among the Najades, but they cannot con- 
sidered the normal way, and Johnson’s view rests upon very 
inadequate ideas about Najad-distribution, and chiefly the instances 
apparent discontinuous distribution species, which would favor 
the assumption transport, are, without exception, founded upon 
defective facts. (It should remembered that the chief means 
dispersal the Najades consists transport the larval state 
fishes, which the are attached but this precludes the possi- 
bility transport over land.) 
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Thus the present paper treats the first line the 
But there are other groups, which are important, yet they will 
interesting only far they confirm the results obtained from 
the Najades. These are certain freshwater Gastropods, and the 
crayfish-genus Cambarus. However, the Gastropods are 
handicapped insufficient knowledge their mutual natural 
affinities and the Crayfishes the number forms, which are 
considered, rather small, that would difficult obtain 
general results from them alone. 

the present paper, the writer going pay attention only 
that part the Alleghenian divide which lies between the New 
state line and the northern line Tennessee 
(see Plate XII.). the north have rather natural boundary: 
from about the New York state line northward the Glacial area 
begins, offering geological and physiographical features which are 
rather recent age, and have created special conditions, which 
should investigated separately. the south, the region the 
headwaters the Tennessee drainage, the conditions form the con- 
tinuation those farther north, but become here complex that 
they deserve special study, which additional, and much more ex- 
tended investigations are necessary, involving the 
Coosa have considered the upper Tennessee only 

This the problem which Johnson (1905) especially interested. 
The old idea (see chiefly Hayes, 1899) that the headwaters the Tennessee 
once continued the direction the Coosa (Appalachian River), and that 
the present course the Tennessee due deflection consequence 
stream capture. Johnson believes (and also White, 1904) that the present 
course the Tennessee original, and consider his physiographical evi- 
dence perfectly sound and satisfactory. But since the Najades (and other 
freshwater groups) have been used demonstrate the correctness the 
assumption the existence the Appalachian River (see: Simpson, 1900b, 
133, Adams, 1901, 846, and Ortmann, 1905, 130), must take cogni- 
zance this line evidence, and dispose some way. Johnson did 
this dismissing not convincing, not apt demonstrate stream 
capture. However, have said, wrong this, and believe that 
the distribution the Najades does indicate stream capture this region, 
but the opposite the original fauna belonged the old Tennessee 
(similar the present its course), and certain southern tributaries 


have been captured the Coosa-Alabama system. This idea already im- 
plied Simpson’s (1900b, 135) sentence: “it probable that nearly all the 
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far ascertain the great contrast which exists between and 
the river systems the north it. Thus investigations cover, 
the western side the Alleghenies, the drainages the Allegheny 
and Monongahela rivers (upper Ohio), the Kanawha River, and 
part only the Big Sandy, Licking and Tennessee rivers (Clinch 
and Holston). the eastern side, the systems the Delaware, 
Susquehanna, Potomac, and the upper James and Roanoke are 
included. 

believed that the faunistic facts with regard these rivers 
are reasonably complete and that collections them have fur- 
nished the knowledge, not only what present them, but also 
what absent; under circumstances, this latter fact may even 
more valuable than positive records. 


CHAPTER 
STATEMENT Facts NAJADES. 


The nomenclature the Najades that introduced myself 
some recent publications (chiefly Ortmann, 1912a, pp. 222 ff.). 
The lists give the number distinguishable forms, matter 
whether they are species varieties. Unless otherwise stated, all 
information founded upon the writer’s personal experience, and 
the specimens from the various localities are preserved the col- 
lections the Carnegie Museum Pittsburgh. The great mass 
new distributional facts secured the writer makes imperative 
give them full. For this reason, the present chapter somewhat 
lengthy and contains much that uninteresting reading for those 
which are not specialists. But this unavoidable. 


WESTERN SIDE ALLEGHENIES. 


First give complete list species (or forms) found the 
upper Ohio drainage, above Smith Ferry, Beaver Co., Pa., the 


the Alabama River system have been derived from the Tennes- 
see,” and White (1904, 38) directly says that the upper course the orig- 
inal Walden Gorge River (tributary Tennessee) has been captured Con- 
asauga River (tributary Oostanaula and Coosa Rivers). 
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Ohio, Allegheny, Monongahela Rivers, and their tributaries, exclud- 
ing those found only the Beaver French Creek systems (Gla- 
cial Drift 

List No. 


Fusconaia subrotunda (Lea) 

Fusconaia undata trigona (Lea) 

Fusconaia undata rubiginosa (Lea) 
Crenodonta plicata undulata Barn.) 
Quadrula pustulosa (Lea) 

Quadrula lachrymosa (Lea) 

Quadrula tuberculata Barn.) 

Quadrula metanevra (Raf.) 

Quadrula cylindrica (Say) 

Rotundaria tuberculata (Raf.) 

Plethobasus cooperianus (Lea) 

Plethobasus cyphus (Raf.) 

Pleurobema obliquum (Lamarck) 

Pleurobema obliquum pyramidatum (Lea) 
Pleurobema obliquum coccineum 
Pleurobema clava (Lam.) 

Elliptio crassidens (Lam.) 

Elliptio dilatatus (Raf.) 

Symphynota compressa Lea. 

Symphynota costata (Raf.) 

Hemilastena ambigua (Say) 

Anodonta grandis Say 

Alasmidonta marginata (Say) 

24. Strophitus edentulus (Say) 

25. Ptychobranchus phaseolus (Hildr.) 
26. Obliquaria reflexa Raf. 

27. Cyprogenia irrorata (Lea) 


*Forms peculiar Beaver French Creek (or both) are: 
Fusconaia subrotunda kirtlandiana (Lea), Symphynota complanata (Barnes), 
Anodonta imbecillis Say, Anodontoides ferussacianus (Lea), Carunculina 
parva (Barnes). 

Symphynota compressa Lea probably also falls this category, but also 
found the uppermost Allegheny. 
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28. Obovaria retusa (Lam.) 

29. Obovaria circulus (Lea) 

30. Obovaria circulus lens (Lea) 

31. Obovaria ellipsis (Lea) 

32. Nephronaias ligamentina (Lam.) 
33. Amygdalonaias elegans (Lea) 

34. Amygdalonaias donaciformis (Lea) 
35. Plagiola depressa (Raf.) 

36. Paraptera gracilis 

37. Proptera alata (Say) 

38. Eurynia fabalis (Lea) 

39. Eurynia iris (Lea) 

40. Eurynia recta (Lam.) 

41. Lampsilis luteola (Lam.) 

42. Lampsilis ovata (Say) 

43. Lampsilis ovata ventricosa (Barn.) 
44. Lampsilis multiradiata (Lea) 

45. Lampsilis orbiculata 

46. Truncilla triquetra (Raf.) 

47. Truncilla perplexa rangiana (Lea) 


should noted, that, these, six forms (nos. 28, 31, 
33, 34) have been found exclusively the Ohio below Pittsburgh, 
while nine forms (nos, 15, 16, 19, 25, 30, 38, 39, 47) have not been 
found there, but only above Pittsburgh, but they are found else- 
where the Ohio drainage, that they are not restricted this 
region. No. has been found only once, the headwaters the 
Monongahela, West Fork River, Lewis Va. Thus 
there are forms the Ohio below Pittsburgh. 


II. Lower ALLEGHENY AND MONONGAHELA 
There are, the Allegheny River above Pittsburgh and below 
Franklin, Venango Co., Pa., the following Najades. 


List No. 


Fusconaia subrotunda (Lea) 
Fusconaia undata rubiginosa (Lea) 


1 


1913.] 
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Crenodonta plicata undulata 
Quadrula pustulosa (Lea) 

Quadrula tuberculata Barn.) 

Quadrula metanevra (Raf.) 

Quadrula cylindrica (Say) 

Rotundaria tuberculata (Raf.) 

Pleurobema obliquum (Lam.) 

Pleurobema obliquum pyramidatum (Lea) 
Pleurobema obliquum coccineum (Conr.) 
Pleurobema clava (Lam.) 

Elliptio crassidens (Lam.) 

Elliptio dilatatus (Raf.) 

Symphynota costata (Raf.) 

Alasmidonta marginata (Say) 

Strophitus edentulus (Say) 

Cyprogenia irrorata (Lea) 

Obovaria circulus lens (Lea) 

Nephronaias ligamentina (Lam.) 

Plagiola depressa (Raf.) 

Paraptera gracilis (Barn.) 

Proptera alata (Say) 

Eurynia recta (Lam.) 

Lampsilis luteola (Lam.) 

Lampsilis ovata (Say) 

Lampsilis ovata ventricosa (Barn.) 

Lampsilis multiradiata (Lea) 

Lampsilis orbiculata (Hildr.) 


32. 


Truncilla triquetra (Raf.) 
Truncilla perplexa rangiana (Lea) 


Aside from the six species found only below Pittsburgh, the fol- 
lowing nine list no. are missing here: nos, 19, 21, 22, 25, 26, 


29, 38, 39. 


very similar fauna goes the Monongahela 
tunately, this fauna now destroyed, and our knowledge rests 
upon collection the Carnegie Museum made before 1897 
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Ehrmann the vicinity Charleroi, Washington Co., Pa. 
(and few scattered additional records secured others). The 
following the list these. 


List No. 


Fusconaia subrotunda (Lea) 

Fusconaia undata trigona (Lea) 

Fusconaia undata rubiginosa (Lea) 
Quadrula pustulosa (Lea) 

Quadrula tuberculata Barn.) 

Quadrula metanevra (Raf.) 

Quadrula cylindrica (Say) 

Plethobasus cyphyus (Raf.) 

Pleurobema obliquum (Lam.) 

Pleurobema obliquum pyramidatum (Lea) 
Elliptio crassidens (Lam.) 

Elliptio dilatatus (Raf.) 

Symphynota costata (Raf.) 

Anodonta grandis Say 

Strophitus edentulus (Say) 

Ptychobranchus phaseolus (Hildr.) 
Obliquaria reflexa Raf. 

Cyprogenia irrorata (Lea) 

Obovaria circulus (Lea) 

Obovaria circulus lens (Lea) 

Nephronaias ligamentina (Lam.) 

Plagiola depressa (Raf.) 

Paraptera gracilis (Barn.) 

24. Proptera alata (Say) 

25. Eurynia recta (Lam.) 

26. Lampsilis luteola (Lam.) 

27. Lampsilis ovata ventricosa (Barn.) 
28. Lampsilis orbiculata (Hildr.) 


The following species have not been found here, but were prob- 
ably present this region, since they exist both below and above: 
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29. Crenodonta plicata undulata Barn.) 
30. Rotundaria tuberculata (Raf.) 

31. Alasmidonta marginata (Say) 

32. Lampsilis multiradiata (Lea) 

33. (Raf.) 


Comparing these two lists (nos. and 3), see that they are 
practically identical: forms are either list, which probably 
five others should added, which should expected this part 
the Monongahela. Thus there would forms common 
these rivers. 

Even those species, which are peculiar only one these rivers, 
might exist might have existed the other. general way, 
those species found the Monongahela, and not the Allegheny, 
are preéminently big-river-forms (for instance Fusc. undata trigona, 
Obliquaria reflexa, Obovaria circulus), while, vice versa, those 
the Allegheny are small-river-forms (Pleurobema obliquum coc- 
cineum, Pleurobema clava, Truncilla perplexa rangiana). This 
keeping with the general character these rivers; the Monon- 
gahela is, although not appreciably larger, more quiet and steady, 
with finer bottom (gravel, sand), while the Allegheny rather 
rough, with coarser gravel and rocks. 

One thing very evident: that the Ohio fauna extends into both 
rivers above Pittsburgh, but somewhat depauperated, decreasing 
from about Najad-forms. 


ALLEGHENY AND ITS TRIBUTARIES. 


Going the Allegheny River, meet first section, which 
utterly polluted (from northern Armstrong Co., Oil City, Ve- 
nango Co.). But above Oil City the river good condition, 
Warren Co., and the New York state line. this stretch 
nango, Forest, and Warren Cos.), the following Najades have been 
collected the writer: 

List No. 


Crenodonta plicata undulata 
Rotundaria tuberculata (Raf.) 


| 
| 
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Pleurobema obliquum coccineum (Conr.) 

Pleurobema clava (Lam.) 

Elliptio dilatatus (Raf.) 

Symphynota costata (Raf.) 

Alasmidonta marginata (Say) 

Strophitus edentulus (Say) 

Ptychobranchus phaseolus (Hildr.) 
10. Nephronaias ligamentina (Lam.) 
11. Eurynia fabalis (Lea) 

12. Eurynia recta (Lam.) 

13. Lampsilis ovata (Say) 

14. Lampsilis ovata ventricosa (Barn.) 
15. Lampsilis multiradiata (Lea) 

16. Truncilla perplexa rangiana (Lea) 


these should added, found tributaries the Alle- 
gheny Warren Co.: 


17. Symphynota compressa Lea 
18. Anodonta grandis Say 
19. Lampsilis luteola (Lam.) 


Compared with the lower Allegheny (list no. 2), the number 
species has been reduced more than third, but for those which 
have disappeared few others have turned up, namely, nos. 
and 18. these, Symphynota compressa (no. 17) peculiar 
form restricted the tributaries the upper Allegheny (and also 
French Creek and Beaver River drainage, see above, 291, foot- 
note 2). The others are species which generally prefer small 
streams and avoid larger rivers. 

Above Warren Co., Pa., the Allegheny River flows New York 
state, and have only few records from this section (Marshall, 
1895). But then reach Pennsylvania again McKean Co. 
Here secured number species the Allegheny River, and 
received others from Dennis Dally, and Nordgren made col- 
lection Potato Creek. Here the list these. 
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List No. 


(Those marked are from the Allegheny, those marked from 
Potato Creek.) 


Pleurobema obliquum coccineum (Conr.) 
Elliptio dilatatus (Raf.) 

Symphynota compressa Lea 

*+4. Symphynota costata (Raf.) 

*5. Alasmidonta marginata (Say) 

Strophitus edentulus (Say) 

luteola (Lam.) 

Lampsilis ovata ventricosa (Barn.) 


The number forms again has been greatly reduced com- 
parison with list All species found here are also found farther 
below, and thus this fauna simply depauperated. 

collected also the uppermost Allegheny above Coudersport, 
Potter Co., but here this mere run, and has Najades. (Im- 
mediately below Coudersport polluted.) 


come now the eastern tributaries the Allegheny River, 
running down from the divide general direction. 
They are (from north south): Clarion River, Red Bank River, 
Mahoning Creek, Crooked Creek, and Kiskiminetas River. The 
first two are entirely polluted, and shells are known from them. 
The same true for Mahoning Creek, from Punxsutawney down. 
But northern Indiana Co. there tributary the latter, Little 
Mahoning Creek, where collected the following shells: 


List No. 


Pleurobema obliquum coccineum (Conr.) 
Elliptio dilatatus (Raf.) 

Symphynota costata (Raf.) 

Alasmidonta marginata (Say) 

Strophitus edentulus (Say) 

Ptychobranchus phaseolus 

Lampsilis luteola (Lam.) 

Lampsilis ovata ventricosa (Barn.) 
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The similarity this fauna that the uppermost Allegheny 
evident. Eight forms are either list, seven which are found 
both. 

Crooked Creek has its fauna fully preserved. collected both 
the lower and upper part. the lower part, Armstrong Co., 
near its confluence with the Allegheny, the following are found. 


List No. 7a. 


Fusconaia undata rubiginosa (Lea) 
Crenodonta plicata undulata Barn.) 
Pleurobema obliquum coccineum 
Elliptio dilatatus (Raf.) 

Symphynota costata (Raf.) 

Anodonta grandis Say 

Alasmidonta marginata (Say) 

Strophitus edentulus (Say) 

Obovaria circulus lens (Lea) 

10. Nephronaias ligamentina (Lam.) 
11. Eurynia fabalis (Lea) 

12. Eurynia (Lea) 

13. Eurynia recta (Lam.) 

14. Lampsilis luteola (Lam.) 

15. Lampsilis ovata ventricosa (Barn.) 
16. Lampsilis multiradiata (Lea) 

17. Truncilla triquetra Raf. 


This depauperated lower Allegheny fauna, with the addition 
few species (nos. 11, 12) which are characteristic for smaller 
streams. 

the upper part Crooked Creek, Indiana Co., there are: 


List No. 7b. 


Fusconaia undata rubiginosa (Lea) 
Symphynota costata (Raf.) 

Anodonta grandis Say 

Strophitus edentulus 
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Obovaria circulus lens (Lea) 
Lampsilis luteola (Lam.) 


This part the creek very small stream. the six species 
found here, three are also the uppermost Allegheny and Little 
Mahoning, while three (nos. are absent them. Anodonta 
grandis small-creek-form elsewhere, but Fusconaia undata ru- 
biginosa and Obovaria circulus lens are peculiar this creek, and 
although they are also small-creek-forms, they are not known 
advance far toward the divide other rivers. course, 
should bear mind that other tributaries the Allegheny this 
section, the fauna which has been destroyed, might have con- 
tained these species. 

The full and typical Kiskiminetas-Conemaugh fauna irrepa- 
rably lost account pollution the waters. However, 
few remnants have been preserved. Nothing known from the 
Kiskiminetas proper. the Conemaugh River New Florence, 
Westmoreland Co., found the dead shells the following forms: 


Pleurobema obliquum coccineum (Conr.) 
Pleurobema clava (Lam.) 

dilatatus (Raf.) 

Ptychobranchus phaseolus (Hildr.) 

Nephronaias ligamentina (Lam.) 

Eurynia recta (Lam.) 

Lampsilis ovata ventricosa Barn.) 

Lampsilis multiradiata (Lea) 


These are all found the Allegheny above City, but 
hardly probable that this list contains more than half the species 
originally present the Conemaugh. 

From small tributaries Westmoreland and Indiana Cos., was 
able secure four species: 


Elliptio dilatatus (Raf.)—Yellow Creek, Indiana Co. 
Symphynota costata (Raf.)—Two Lick Creek, Indiana Co. 
Anodonta grandis Sav—Beaver Run, Westmoreland Co. 

Strophitus edentulus (Say)—Yellow Creek and Blacklegs 
Creek, Indiana Co., and Beaver Run, Westmoreland Co. 
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Also this fauna fragmentary, since these streams are partially 
polluted. But there are two tributaries the Kiskiminetas system, 
the mountains, between Chestnut Ridge, Laurel Hill Ridge, and 
Allegheny Front, which have furnished what appears complete 
faunas. River, near Ligonier, Westmoreland Co., 


contains: 
List No. 


Pleurobema obliquum coccineum 
Pleurobema clava (Lam.) 

Elliptio dilatatus (Raf.) 

Symphynota costata (Raf.) 

Alasmidonta marginata (Say) 

Strophitus edentulus (Say) 

Ptychobranchus phaseolus (Hildr.) 

Lampsilis ovata ventricosa (Barn.) 

Lampsilis multiradiata (Lea) 


Also Anodonta grandis Say should mentioned, but this has 
been found only ponds cut off from the river. Nephronaias 
ligamentina (Lam.) single individual has been found many years 
ago, but recent investigations have failed bring light again. 

Seven these species have occurred the other lists the 
tributaries the Allegheny, while two are new (nos. and 

Quemahoning Creek, Somerset Co., collected: 


List No. 


Elliptio dilatatus (Raf.) 

Symphynota costata (Raf.) 

Alasmidonta marginata (Say) 

Strophitus edentulus (Say) 

Ptychobranchus phaseolus (Hildr.) 
Lampsilis ovata ventricosa Barn.) 
Lampsilis multiradiata (Lea) 


All these are also found the Loyalhanna, but two the latter 
(nos. and are lacking. 
The streams belonging the Allegheny, discussed far, form 
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unit, will become evident comparison with the next group 
(upper Monongahela drainage). This the most easterly advanced 
part the Allegheny drainage. For this reason will advan- 
tageous give the full list all species which advance here farthest 
toward the Alleghenian divide. 


Combined Lists: 7b, 


Fusconaia undata rubiginosa (Lea) 
Pleurobema obliquum coccineum (Conr.) 
Pleurobema clava (Lam.) 

Elliptio dilatatus (Raf.) 

Symphynota compressa Lea 

Symphynota costata (Raf.) 

Anodonta grandis Say 

Alasmidonta marginata (Say) 

Strophitus edentulus (Say) 

10. Ptychobranchus phaseolus (Hildr.) 
11. Obovaria circulus lens (Lea) 

12. Lampsilis luteola (Lam.) 

13. Lampsilis ovata ventricosa (Barn.) 
14. Lampsilis multiradiata (Lea) 


This comparatively rich fauna. Although not all these 
species are found every one these streams, the average 
number about Some the species (Symphynota costata, 
Strophitus edentulus) are found all these creeks, and five spe- 
cies are most them (Pleurobema obliquum coccineum, Ellip- 
tio dilatatus, Alasmidonta marginata, Ptychobranchus phaseolus, 
Lampsilis ovata ventricosa). 

Looking over the Allegheny River fauna, see that the Ohio 
fauna, well and richly represented the Ohio below Pittsburgh 
forms, depauperates the Allegheny. Although few species 
are added toward the headwaters, the general tendency that one 
species after the other disappears the upstream direction. But 
one feature this should emphasized the decrease the number 
forms gradual, sudden deterioration the fauna being 
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observed any point. the uppermost headwaters there yet 
comparatively rich fauna together species. 

shall see that other parts the western drainage this con- 
dition not found, and our rather detailed account the Allegheny 
fauna has been given with the chief purpose bringing out the 
above fact. 


IV. MONONGAHELA RIVER AND TRIBUTARIES. 


have seen above (list no. that the Monongahela just above 
Pittsburgh had surely species, but possibly 33. Farther 
Najades are known and the fauna destroyed, for the water 
everywhere badly polluted. But above Clarksburg, Harrison Co., 
Va., conditions are good again West Fork River. This 
Plateau stream, not rough, but rather sluggish, and the proper en- 
vironment for shell-life seems present. The Carnegie Museum 
possesses material collected the writer Lynch Mines, Harrison 
Co., Lightburn and Weston, Lewis Co., and some additional forms 
collected Graham West Milford, Harrison Co., Va. 
This gives good, and, believe, rather complete idea 
this fauna. 

the following list those forms found the uppermost point 
this river (Weston) are marked with (None peculiar 
this locality.) 

List No. ro. 


Fusconaia subrotunda (Lea) 
Crenodonta plicata undulata 
Quadrula metanevra wardi (Lea) 
Quadrula cylindrica (Say) 
Rotundaria tuberculata (Raf.) 
Pleurobema obliquum coccineum (Conr.) 
*8. Pleurobema clava (Lam.) 
Elliptio dilatatus (Raf.) 
Symphynota costata (Raf.) 
11. Hemilastena ambigua (Say) 


| 
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Anodonta grandis Say 
Alasmidonta marginata (Say) 
*14. Strophitus edentulus (Say) 
15. Ptychobranchus phaseolus (Hildr.) 
Obovaria circulus lens (Lea) 
Eurynia fabalis (Lea) 
Eurynia iris (Lea) 
*19. luteola (Lam.) 
*20. Lampsilis ovata ventricosa (Barn.) 
*21. Lampsilis multiradiata (Lea) 
22. Truncilla triquetra Raf. 
23. Truncilla perplexa rangiana (Lea) 


This fauna very similar that farther below, but somewhat 
depauperated. remarkable that this fauna goes far up, and 
that there are yet species the uppermost locality (Weston), 
where the river merely creek. Also here the rule holds good, 
that the typical Ohio fauna decreases richness upstream 
direction, and that this decrease gradual, not sudden. 

sharp contrast this are the eastern tributaries the Monon- 
gahela, which come down from the mountains. The first them 
the Youghiogheny River. The fauna the lower parts this 
river entirely lost account pollution. Between Connelsville 
and Confluence, Fayette Co., Pa., the river runs through canyon, 
very rough, forming falls (largest Ohiopyle). Above Con- 
fluence less rapid, and flows broad valley, offering condi- 
tions favorable Najades; but only single species found here: 

Strophitus edentulus (Say). 

The next the mountain streams Cheat River. Also this 
river runs through long canyon, and above this canyon there are 
Najades below the canyon the fauna rich. the 
following list, the species marked are found also Mont Chateau, 

collected above Parsons, Tucker Co., Va., Shavers Fork. Below 
Parsons the river badly polluted, and also Dry Fork polluted through 
Blackwater River. have been told that there used some shells the 
Cheat, below Parsons, but have means ascertaining what species 
they were. 
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Va., immediately below the canyon, the others are from Cheat 
Haven Pennsylvania, about eight miles farther below. 


List No. 


Fusconaia subrotunda (Lea) 
Crenodonta plicata undulata (Barn.) 


Quadrula pustulosa (Lea) 

Rotundaria tuberculata (Raf.) 

Pleurobema clava (Lam.) 

Elliptio dilatatus (Raf.) 

Symphynota costata (Raf.) 

Alasmidonta marginata (Say) 

Strophitus edentulus (Say) 

Ptychobranchus phaseolus (Hildr.) 
11. Nephronaias ligamentina (Lam.) 
12. Eurynia iris (Lea) 
*13. Eurynia recta (Lam.) 
*14. Lampsilis ovata ventricosa 
Lampsilis multiradiata (Lea) 


* 


The eight species found near Mont Chateau are not the main 
channel the river, but small side branches, which are more 
less protected. the main channel the bottom consists large 
boulders and rocks, not firmly packed, but loose and easily movable, 
chiefly flood stage. Moving and shifting bottom prevents perma- 
nent settlement Najades. Cheat Haven conditions are more 
favorable, and here have rich fauna, agreeing well with that 
the lower Monongahela, but course somewhat depauperated 
corresponding the smaller size the river. 
Tygart Valley River, which joins West Fork River Fairmont, 
form the Monongahela, has the same character the Cheat. 
There more slowly running upper part, above Elkins, Randolph 
Co., Va., rather long canyon, down Grafton, and less 
rough portion below this. the canyon tributary flows into it, 
Buckhannon River, which again running more slowly its upper 
part. 
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the lower Tygart, the fauna has been destroyed pollution. 
The upper part, above Elkins, contains only two 


Symphynota costata (Raf.) 
Strophitus edentulus (Say) 


The upper part the Buckhannon drainage has one 


Strophitus edentulus (Say) 


found this not the river itself, which dammed and has 
slack water, but small tributary, French Creek, Hampton, 
Upshur Co., Va. 

Thus, these mountain streams tributary the upper Monon- 
gahela, meet with conditions entirely different from those the 
upper Allegheny and its tributaries: the rich Ohio fauna, only 
slightly depauperated, goes certain point, the lower end 
canyon, which represents extremely rough part these 
rivers. This best observed the case the Cheat (list no. 11), 
while the others pollution has destroyed the original conditions. 
But may easily imagine what these were when look the 
fauna the plateau stream, West Fork River (see list 10). 
the lower end the canyon the fauna suddenly stops, and above the 
canyon, the high valleys, where the rivers are more quiet, very 
few species, one two, are found, such are present all. 
should noted that one species, Strophitus edentulus, found 
all three rivers, which have shells, but that Symphynota costata 
only the Tygart. 

Thus the canyon apparently forms here natural barrier. 


FAUNA THE KANAWHA RIVER. 


Farther the south have the Kanawha drainage West 
Virginia. The fauna the Kanawha itself unknown, for this 
river much polluted, and has been transformed into series 
pools dams, conditions unfavorable for Najad-life. 

However, there are two tributaries the plateau-region, which 
contain shells. The first Elk River. Here collected repeatedly 
and was able secure the following species. Those marked are 
from the uppermost station, Sutton, Braxton Co., Va. 
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List No. 12. 


Fusconaia subrotunda leucogona Ort. 
Fusconaia undata trigona (Lea) 

Crenodonta plicata undulata Barn.) 
Quadrula pustulosa (Lea) 

Quadrula tuberculata Barn.) 

Rotundaria tuberculata (Raf.) 

Pleurobema clava (Lam.) 

Elliptio crassidens (Lam.) 

Elliptio dilatatus (Raf.) 

Symphynota costata (Raf.) 

Alasmidonta marginata (Say) 

Strophitus edentulus (Say) 

Ptychobranchus phaseolus (Hildr.) 
Obovaria circulus (Lea) 

Nephronaias ligamentina (Lam.) 

Proptera alata (Say) 

Eurynia fabalis (Lea) 

Eurynia iris (Lea) 

Eurynia recta (Lam.) 

Lampsilis ovata (Say) 

Lampsilis ovata ventricosa Barn.) 
Lampsilis multiradiata (Lea) 


This fauna typical upper Ohio character (compare lists 
and 3). With one exception (Fusconaia subrotunda leucogona) 
every form also found western Pennsylvania, and this one 
only the local representative Fusconaia subrotunda. Yet this 
fauna has somewhat peculiar far contains 
several forms, which elsewhere prefer larger rivers (Fusconaia 
undata trigona, Elliptio crassidens, Obovaria circulus, Proptera 
alata). 

addition collected some shells Coal River, Sproul, 
Kanawha Co., Va. 


Fusconaia undata rubiginosa (Lea) 
Crenodonta plicata undulata 
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Strophitus edentulus (Say) 
Obovaria circulus lens (Lea) 
Lampsilis luteola (Lam.) 

Lampsilis multiradiata (Lea) 


And the Carnegie Museum possesses, from Little Coal River, 
from the Hartman collection: 


Quadrula pustulosa (Lea) 
Quadrula metanevra wardi (Lea) 
Pleurobema obliquum coccineum (Conr.) 


This would add forms (nos. 9), that forms are 
known from the lower Kanawha drainage, which are practically all 
typical upper Ohio forms. 

Going the Kanawha, find that this river, New River, 
comes through canyon out the mountains. This canyon ex- 
tremely rough, containing several falls (Kanawha falls lower 
end canyon, and New Richmond falls, eight miles below Hinton. 
Good photographs New River scenery have been published 
Campbell and Mendenhall, 1896). the region Hinton, Sum- 
mers Co., Va., the river somewhat less rough. Here col- 
lected, the confluence New River and Greenbrier River, the 
following species 

List No. 13. 
Quadrula tuberculata (Barn.) 
Rotundaria tuberculata (Raf.) 
Elliptio dilatatus (Raf.) 
Symphynota tappaniana (Lea) 


these, probably, Alasmidonta marginata (Say) should 
added, for found farther the New River drainage, and 
thus would have five species here, four which are found 
the lower Kanawha drainage, while one (Symphynota tappaniana) 
entirely new, and found nowhere else the whole upper Ohio 
drainage. fact, this species known hitherto only from the 
Atlantic watershed. 

Farther collected the Greenbrier River Ronceverte, 
Greenbrier Co., Va.; New River Pearisburg, Giles Co., Va.; 
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and Reed Creek, Wytheville, Wythe Co., Va. Three species only 
are present here: 
List No. 14. 


Elliptio dilatatus (Raf.) 
Symphynota tappaniana (Lea) 
Alasmidonta marginata (Say) 


Pearisburg did not find no. but the other localities all 
three were present. addition, Elliptio dilatatus has been reported 
Call 30) from Bluestone River (tributary New River, 
emptying into just above 

These conditions correspond closely what have observed 
the case the mountain streams tributary the Monongahela. 
There rough part the river the shape canyon. Below 
the canyon the fauna rich, above extremely poor. the 
present case two species (Quadrula tuberculata and Rotundaria 
tuberculata) have gone through the lower part the canyon, but 
they were unable farther, and the uppermost parts the New 
River system, where conditions undoubtedly are favorable for 
Najades, contain only three species, two which belong the 
Ohio fauna, while the third complete stranger. With the ex- 
ception this case, which will further discussed below, the 
whole Kanawha fauna, including that New River, undistin- 
guishable from the general upper Ohio fauna. But should 
noted that the species found the headwaters the Kanawha are 
different from those found the headwaters the mountain tribu- 
taries the Monongahela. 


VI. Bic AND LICKING 


South the headwaters New River, the Greater Allegheny 
Valley, strike the headwaters the Tennessee drainage, Holston, 


River now badly polluted. have seen its upper part, 
Rock, Mercer Co., Va. Call 55) already gives Rotundaria 
tuberculata (as Unio verrucosus Barn.) from New River, Virginia: but 
according investigations, this only the New River West Virginia 
(at Hinton). Call also says Bluestone River, Virginia, but only the extreme 
headwaters are Virginia, the rest West Virginia. 
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Clinch and Powell Rivers. However, the west these, the 
Allegheny Plateau, there are other rivers, tributary the Ohio, the 
fauna which was hitherto entirely unknown. Since quite dif- 
ferent fauna turns the Tennessee, would surely interest- 
ing know something about these intermediate western rivers, and 
for this reason made several trips into this region, and was able 
collect the following data, first for the Levisa Fork Big Sandy 
River, Prestonsburg, Floyd Co., Ky. 


Fusconaia subrotunda (Lea) 

Crenodonta plicata undulata (Barn.) 
Quadrula pustulosa (Lea) 

Quadrula tuberculata Barn.) 

Elliptio crassidens (Lam.) 

Symphynota costata (Raf.) 

Obovaria circulus lens (Lea) 

Nephronaias ligamentina (Lam.) 

Amygdalonaias elegans (Lea) 

Eurynia recta (Lam.) 

12. Lampsilis ovata ventricosa Barn.) 


the Licking River, Farmer, Rowan Co., Ky., found: 


Crenodonta plicata undulata (Barn.) 
Quadrula pustulosa (Lea) 

Pleurobema obliquum coccineum (Conr.) 
Elliptio dilatatus (Raf.) 

Symphynota costata (Raf.) 

Anodonta grandis Say 

Strophitus edentulus (Say) 

Ptychobranchus phaseolus 

Obovaria circulus lens (Lea) 

Nephronaias ligamentina (Lam.) 

Proptera alata (Say) 

Lampsilis luteola (Lam.) 

Lampsilis ovata ventricosa 
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tributary the Licking, Fleming Creek Pleasant Valley, 
Nicholas Co., Ky., found, aside from Anodonta grandis and 
silis luteola: 


15. Anodontoides ferussacianus (Lea) 


Although these two lists give means the complete faunas 

these rivers, they show clearly that they are practically identical 


with the upper Ohio drainage West Virginia and western Penn- 
sylvania. these species have occurred our previous lists, with 
exception, the very last one, Anodontoides This 
western and northern species. the characteristic Tennessee 
(and Cumberland) drainage fauna not trace seen these rivers. 
unknown present whether there point the upper 
parts these rivers, where the fauna stops suddenly upstream 
direction. chief object introducing here the faunas these 
rivers show that they cannot separated from the general 
Ohio fauna. 


VII. TENNESSEE RIVER. 

come now the Tennessee River. well known that 
this system contains extremely rich fauna, with large number 
peculiar types. not object into detail here, and 
only want bring out the contrast this fauna that the upper 
Ohio general, and especially that upper New River. With 


this view, collected (September, 1912) the uppermost parts 
Holston and Clinch Rivers Virginia. course, collec- 
tions are means complete, clearly shown comparison 
with the list published for Holston River Lewis (’71), which, 
however, needs revision. But what have found sufficient for 


the present purpose. 


List No. 16. 


Middle and North Fork Holston, Smyth Co. 
(Those marked only Middle Fork.) 


Fusconaia sp.? 
Pleurobema (possibly species) 
Pleurobema fassinans (Lea) 
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Symphynota costata (Raf.) 

Alasmidonta minor (Lea) 

Alasmidonta fabula (Lea) 

Alasmidonta marginata (Say) 

Strophitus edentulus (Say) 

Ptychobranchus subtentus (Say) 

Nephronaias perdix (Lea) 

Nephronaias copei (Lea) 

Medionidus conradicus (Lea) 

Eurynia nebulosa (Conr.) 

Eurynia dispansa (Lea) 

Eurynia vanuxemensis (Lea) 

Lampsilis ovata ventricosa 

Lampsilis multiradiata (Lea) 
Clinch, Tazewell Co. 

Fusconaia bursa-pastoris (Wright) 

Fusconaia sp.? 

Quadrula cylindrica strigillata (Wright) 

Elliptio dilatatus (Raf.) 

Symphynota holstonia (Lea) 

Symphynota costata (Raf.) 

Alasmidonta minor (Lea) 

Alasmidonta marginata (Say) 

Ptychobranchus subtentus (Say) 

Medionidus conradicus (Lea) 

Eurynia perpurpurea (Lea) 

Eurynia nebulosa 

Eurynia planicostata (Lea) 

Lampsilis ovata ventricosa Barn.) 

Lampsilis multiradiata (Lea) 

Truncilla haysiana (Lea) 

Truncilla capsaeformis (Lea) 


These are altogether about species, which only have 
occurred our previous lists dilatatus, Symphynota cos- 
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tata, Alasmidonta marginata, Strophitus edentulus, Lampsilis ovata 
ventricosa, Lampsilis multiradiata). All others (about 20) are not 
found the upper Ohio drainage; some have representative forms 
there (Fusconaia bursa-pastoris, Quadrula 
Eurynia nebulosa, Truncilla but others are types, 
which are not all represented there (Pleurobema fassinans, Alas- 
midonta minor and fabula, the genus Medionidus, Eurynia perpur- 
purea and vanuxemensis, Truncilla haysiana are the most important 
ones). 

should noted especially that the New River species, Elliptio 
dilatatus and Alasmidonta marginata, which are found the Ten- 
nessee drainage, are not represented identical forms. 
dilatatus upper New River dwarf race, while the Clinch type 
large and normal. The Clinch and Holston type Alasmidonta 
marginata peculiar its extremely bright color markings. 

The contrast between these rivers thus clearly established, and 
becomes even more striking, when consider the fact that gen- 
eral physiographic characters these rivers are very similar each 
other, and further, that the Holston and Clinch, where collected 
them, are much smaller, mere creeks, compared, for instance, with 
New River Pearisburg. 


Facts CONCERNING THE WESTERN FAUNA. 


express few words, the chief features the western 
fauna are: uniform fauna goes from Licking River through 
the whole upper Ohio drainage into the headwaters the Allegheny, 
but the mountain streams tributary the Monongahela and 
Kanawha sudden depauperation observed and farther above 
very few species are present. The fauna the upper Tennessee 
related the Ohio fauna, but has many peculiar elements. 
whole, the Ohio fauna regarded somewhat depau- 
perated Tennessee fauna; this not evident from the lists given 
above, but well-known fact, for which not need furnish 


here particular proof. 
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ATLANTIC SIDE. 


Besides the writer’s own investigations, the following publica- 
tions have been used for compilation the faunistic 

For Delaware, Susquehanna, and Potomac rivers: Gabb, 1861; 
Hartman and Michener, 1874; Pilsbry, 1894; Schick, Caffrey, 

For James River: Conrad, 1846. 

Since the Atlantic side does not form single drainage system, 
but consists number rivers running independently the sea, 
must discuss these rivers separately. 


FAUNA THE DELAWARE RIVER. 


This the most northern system the region discussed here. 
The following Najades are known exist here: 


List No. 17. 


Margaritana margaritifera (L.) 
Elliptio complanatus 
Elliptio fisherianus (Lea) 

Symphynota tappaniana (Lea) 
Anodonta cataracta Say 

Anodonta implicata Say 

Alasmidonta heterodon (Lea) 
Alasmidonta undulata (Say) 

Alasmidonta varicosa (Lam.) 
Strophitus undulatus (Say) 

Strophitus edentulus (Say) 
12. Eurynia nasuta (Say) 

13. Lampsilis radiata 

14. Lampsilis cariosa (Say) 

15. Lampsilis ochracea (Say) 


remarked that no. no. and no. are found ex- 
clusively the tidewater region the lower Delaware and 
kill, and that no. the best extremely rare (only once reported), 
and that no. altogether doubtful form. No. very local 
(uppermost Schuylkill). 
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All the others beyond tidewaters, and are found the 
Delaware River its tributaries the Piedmont Plateau. The 
Allegheny Valley and its eastern boundary being obscured this 
region, practically connected with the Piedmont Plateau. The 
Delaware River proper extends soon into the Glacial area, but there 
are tributaries outside west (northwest) the Blue Mountain 
(Kittatinny Mountain), belonging Lehigh River. The Lehigh 
itself polluted; but have collected this region the following 
species (Princess Cr. and Meniolagomeka Cr., Kunkletown and 
Smith Gap, Monroe Co.; Mahoning Cr., Leheighton, Carbon Co.; 
and Lizard Cr., Mantz, Schuylkill Co.). 


Elliptio complanatus (Dillw.) 
Anodonta cataracta Say 

Alasmidonta heterodon (Lea) 
Alasmidonta undulata (Say) 
Alasmidonta varicosa (Lam.) 
Strophitus edentulus (Say) 


Possibly the list not quite complete (Symphynota tappaniana 
might here). But never found all these species associated 
single locality, and should stated right here that 
general rule that the Atlantic side certain species are rather 
erratic distribution, being sometimes missing certain localities for 
apparent reasons, while others they may abundant. 

With the exception Margaritana margaritifera, probably all 
the Delaware River species (14) were once found the lower 
part Schuylkill River. Although the fauna this river has been 
studied for nearly one hundred years, reliable information about the 
details the distribution the shells are not hand. the 
present time this river polluted that the fauna extinct, only 
the Schuylkill canal rather rich remnant least species 
idea how far the species advanced upstream and shall never 
know this. 

the headwaters the Little Schuylkill River, Schuylkill 
Co., northwest Blue Mountain, very peculiar species turns up, 
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Margaritana margaritifera, and still exists there, and have col- 
lected repeatedly 1909 and 1910. But has become very rare, 
and restricted some small, clear, and cold mountain runs, 
which other Najades are found. This species stands itself, 
and, shall see below, needs special discussion. 


II. FAUNA THE SUSQUEHANNA RIVER. 


The following list the species, positively known occur 
the Susquehanna drainage 


List No. 


Elliptio complanatus 

Symphynota tappaniana (Lea) 

Anodonta cataracta Say 

Alasmidonta undulata (Say) 

Alasmidonta marginata susquehannae Ortm. 
Alasmidonta varicosa (Lam.) 

Strophitus edentulus (Say) 

Lampsilis radiata 

Lampsilis cariosa (Say) 


The lower Susquehanna, Maryland, unknown. Possibly, 
the lowland and tidewater species, Elliptio fisherianus and Lamp- 
silis ochracea, might found there. And further, Alasmidonta 
heterodon has not been taken the Susquehanna drainage, although 
present the north and south it. adding these three 
species, the fauna the Susquehanna falls short that the 
Delaware three species; four seem absent (Margaritana 
margaritifera, Anodonta implicata, Strophitus undulatus, Eurynia 
nasuta), while Alasmidonta marginata susquehannae added. The 
first two species surely reach their southern boundary the Dela- 
ware drainage, while the doubtful Strophitus undulatus seems 

Anodontoides ferussacianus (Lea) has been reported from the head- 
waters the Susquehanna New York state. not found Pennsyl- 
vania, and the New York record should confirmed; but even when correct, 


this may neglected, for this species surely does not belong the original 
fauna this system, but postglacial immigrant. 
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local, and Eurynia nasuta has been reported farther south the 
Coastal Plain (as far North Carolina Simpson; from James 
River Conrad, ’36; from the lower Potomac Dewey, and 
Marshall, But these localities should confirmed, since this 
species has been frequently confounded with Elliptio productus and 
fisherianus. According Rhoads also Sussex and 
Kent Cos., Delaware. 

The Susquehanna drainage extends not only into the Allegheny 
Valley and into the mountains, but clear through the mountains, and 
encroaches upon the Allegheny plateau. All the species men- 
tioned above into this region, but two them have only 
limited distribution, and seem restricted the larger rivers. 
These are Lampsilis radiata and cariosa. Both them the 
North Branch the New York state line. the Juniata only 
cariosa (up Huntingdon, Huntingdon Co.), and the West 
Branch both least Williamsport, Lycoming Co. the 
real headwaters there are only seven species, and they are not always 
associated particular locality (generally there are only from 
three six together). 

One locality special interest: this Cush Cushion Creek, 
Greene Twp., Indiana Co. This the most western point 
which the Susquehanna fauna advances, and the following species 
are here: 

Elliptio complanatus (Dillw.) 
Symphynota tappaniana (Lea) 
Alasmidonta varicosa (Lam.) 
Strophitus edentulus (Say) 


Not very far from here, Chest Creek, Patton, Cambria Co., 
found: 
Elliptio complanatus (Dillw.) 
Symphynota tappaniana (Lea) 
Alasmidonta undulata (Say) 
Strophitus edentulus (Say) 


Also Anodonta cataracta Say has been found this region, 
Beaver Dam Creek, Flinton, Cambria Co. Thus there would six 
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species this uppermost part the drainage West Branch. 
Alasmidonta marginata susquehannae has not been found here. 

The seven species the upper Susquehanna drainage are the 
same those the Delaware, with the exceptions that the 
former Margaritana and Alasmidonta heterodon are missing, while 
their place Symphynota tappaniana and Alasmidonta marginata 
susquehannae turn up. ‘Thus there are five species common both 
drainages. 

Further investigations may change this slightly. But this seems 
assured, that although similar faunas exist both rivers, the 
Susquehanna falls short several species the Delaware, and 
that the lack made good only part the presence local 
form, Alasmidonta marginata susquehannae. 


The following species are positively known exist the 
Potomac drainage: 
List No. 


Elliptio complanatus (Dillw.) 
Elliptio productus (Conr.) 

Symphynota tappaniana (Lea) 
Anodonta cataracta Say 

Alasmidonta undulata (Say) 

Alasmidonta varicosa (Lam.) 
Strophitus edentulus (Say) 

Lampsilis radiata (Gmel.) 

Lampsilis ovata cohongoronta Ortm. 
Lampsilis cariosa (Say) 

11. Lampsilis ochracea (Say) 


addition, there might be, the lower Potomac, Elliptio fish- 
erianus (Lea) and Eurynia nasuta (Say) these have been frequently 
confounded, but forms like them are positively known occur 
the Potomac Washington. Possibly both them are there. 
Further, there might be, the tributaries the Piedmont Plateau, 
Alasmidonta heterodon (Lea), which found both the north and 
south the Potomac drainage. 
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No. Lampsilis ovata cohongoronta, should disregarded, and 
dropped from the list the original fauna the Potomac, for 
probably modern introduction from the west (Ortmann, 

Thus, including the doubtful forms, there would species 
belonging the Potomac drainage. This two less than the 
Delaware; while three the latter are missing here (Margaritana 
margaritifera, Anodonta implicata, Strophitus undulatus), one other 
added, Elliptio productus. This latter case important, because 
positively know that this species southern form, which 
reaches its most northern range the Potomac. 

Aside from Elliptio fisherianus and Eurynia nasuta, which, when 
present, are found only the lower Potomac, three others, Lamp- 
silis radiata, cariosa, and ochracea, are restricted the lower parts 
the drainage, below the gap the Blue Ridge Harper’s Ferry. 
Above and the west this point, that say, the Allegheny 
Valley and the Allegheny Mountains, only the following species are 
present (of course, disregarding the introduced no. 


Elliptio complanatus 


Elliptio productus (Conr.) 

Symphynota tappaniana (Lea) 
Anodonta cataracta Say 

Alasmidonta undulata (Say) 

Alasmidonta varicosa (Lam.) 
Strophitus edentulus (Say) 


Also here, seven species ascend into the headwaters, and among 
them there are again the same five complanatus, Anodonta 
cataracta, Alasmidonta undulata, Alasmidonta varicosa, Strophitus 
edentulus) which have seen common the headwaters 
the Delaware and Susquehanna. additional one, Symphynota 
tappaniana, also found the Susquehanna, while Elliptio pro- 
ductus new element this fauna. 

not think necessary give further particulars. But 
again should noted, that the distribution these species 
rather erratic, and that they generally are not all found associated. 
Elliptio productus has not been found yet the region the Alle- 
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gheny Valley (Antietam and Conodoguinet creeks Maryland and 
Pennsylvania, Shenandoah River the Virginias), but rather 
frequent the Potomac and its tributaries West Virginia, Mary- 
land and Pennsylvania the region the Allegheny Mountains. 


IV. RAPPAHANNOCK RIVER. 


The Rappahannock Piedmont Plateau stream, and entirely 
east the Blue Ridge. collected near the headwaters about Rem- 
ington, Fauquier Co., and Culpepper and Rapidan, Culpepper Co., 
Va. The following the list: 


List No. 20. 

Elliptio complanatus 

Elliptio productus (Conr.) 

Elliptio lanceolatus (Lea) 

Symphynota tappaniana (Lea) 
Alasmidonta heterodon (Lea) 
Alasmidonta undulata (Say) 
Strophitus edentulus (Say) 


give this list only for comparison; probably not quite com- 
plete. The interesting points are, that Alasmidonta heterodon turns 
here again, and that there here new, southern form, which 
does not farther north lanceolatus). 


THE UPPER JAMES RIVER. 


did not any collecting James River east Blue Ridge, 
and although few records are hand from the lower James, 
impossible give list. West Blue Ridge, the fauna 
North River (called Calf Pasture River its upper part) has 
been studied many years ago Conrad (1846). place his list 
the side the forms collected myself this region: 


List No. 21. 

Conrad’s Species collected myself: 
Unio subplanus Conr. subplana 
Unio purpureus Say Elliptio complanatus (Dillw.) 
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Unio lanceolatus Lea, probably Elliptio productus (Conr.) 
Symphynota tappaniana (Lea) 


Unio collinus Conr. Alasmidonta collina (Conr.) 

Alasmodon undulata Say =6. Alasmidonta undulata (Say) 
Strophitus edentulus (Say) 

Unio constrictus Conr. Eurynia constricta (Conr.) 


Alasmodon marginata Say 
Anodon cataracta Say 
Anodon marginata? Say 


did not find lanceolatus, but its place Ell. productus 
very abundant, that, believe, Conrad confused these two species. 
Anodonta marginata given him doubtful, and may rest 
assured that this (northern) species not found here. But 
quite possible that Alasmodon marginata (now Alasmidonta vari- 
cosa) and Anodonta cataracta are here, and not hesitate add 
these list. list has two species, not mentioned Conrad. 
Thus would have ten species the upper James drainage. The 
five species common the headwaters the more northern Atlantic 
streams are again here, there one species (Symphynota tappan- 
iana) known from upper Susquehanna and Potomac, one species 
(Ell. productus), known from upper Potomac, and three species, 
which turn here for the first time: 


subplana 
Alasmidonta collina 
Eurynia constricta 


These additional elements are undoubtedly more southern types, 
which reach here their most northern 


VI. FAUNA THE UPPER ROANOKE RIVER. 


Only the uppermost Roanoke known drains rela- 
tively small portion the Allegheny Valley, chiefly Roanoke and 
Montgomery Cos., Va., and has the following, poor fauna: 
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List 22. 
Elliptio complanatus 
Strophitus edentulus (Say) 
Eurynia constricta 


These species are all found the upper James, and one them 
(no. clearly shows the affinity with that system. This undoubt- 
edly depauperated fauna, corresponding the small size the 
streams. Possibly the record not complete. Below Roanoke, the 
river polluted, but east the Blue Ridge there are surely addi- 
tional species this system. 


SuMMARY Facts CONCERNING THE EASTERN FAUNA, 
Full list all species known exist the Atlantic slope (in 
the region 
List No. 23. 
Margaritana margaritifera (L.) 
Lexingtonia subplana (Conr.) 
Elliptio complanatus 
Elliptio fisherianus (Lea) 
Elliptio productus 
Elliptio lanceolatus (Lea) 
Symphynota tappaniana (Lea) 
Anodonta cataracta Say 
Anodonta implicata Say 
Alasmidonta collina (Conr.) 
Alasmidonta heterodon (Lea) 
Alasmidonta undulata (Say) 
Alasmidonta marginata susquehannae (Ortm.) 
Alasmidonta varicosa (Lam.) 
Strophitus undulatus (Say) 
Strophitus edentulus (Say) 
Eurynia constricta (Conr.) 
Eurynia nasuta (Say) 
Lampsilis radiata (Gmel.) 
Lampsilis cariosa (Say) 
Lampsilis ochracea (Say) 
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Lampsilis ovata cohongoronta Ortm. has been dropped not 
indigenous the Atlantic slope. 

The following facts are observed: 

Probably seven species these have rather general distri- 
bution. five them this perfectly clear (nos. 12, 14, 16), 
but probably also nos. and fall under these; they only may 
have been overlooked certain regions. 

There are six forms, which apparently have more northern 
range, disappearing toward the south, nos. 18, 19, 20, The 
last four have the peculiarity common that toward the south they 
become more less restricted the coastal plain. 

the other hand, there are six forms, which have their 
center more toward the south and disappear toward the north. 
These are the nos. 10, and 17. 

the two remaining forms, no. local form the 
Susquehanna drainage, while no. altogether doubtful, but may 
local (tidewater) form no. 16. 

Compared with the western fauna species (list no. 1), the 
Atlantic fauna decidedly poor (less than half the number spe- 
cies). But the Ohio notice general and marked decrease 
species the headwaters, that there are only fourteen species 
the headwaters the Allegheny River. the eastern drainage 
systems, there also slight decrease toward the headwater, but 
this much less proportion, and the mountain region have 
yet thirteen species (nos. 10, II, 13, 14, 16, 17). 
Thus may say, that, disregarding few species restricted the 
lowlands and the larger rivers, the fauna the Atlantic streams 
remains, each river system, rather uniform the headwaters, 
decreasing hardly the number species. 

Further, the region the headwaters the Monongahela 
and Kanawha, the conditions are actually reversed. Here only very 
few species (not more than three) are found the western streams, 
while the eastern streams (Potomac, James) have decidedly more, 
the James, for instance, least eight, possibly ten. Thus the At- 
lantic fauna here richer than the western. 

But the Tennessee fauna (list 16) again holds its own, and 
the Atlantic fauna falls far short it. 
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CHAPTER 


SysTEMATIC AFFINITIES THE NAJADES THE INTERIOR BASIN 
AND THE ATLANTIC SLOPE. 


order understand the mutual relations the western and 
eastern faunas, which, have seen, are present rather sharply 
distinguished, necessary consider the systematic affinities 
the forms belonging either. 

comparatively recent time the natural system the 
Najades was extremely obscure. However, the great synopsis 
Simpson has paved the way for proper understanding 
the relationship our Najades, and the more recent papers the 
present writer (chiefly have furnished what believed 
the natural system, expressing, far possible, the genetic affinities 
within this group. 

Using this system guide, the following remarks are 
made: 


The general fauna the upper Ohio drainage (list no. 
291) contains less than seventeen genera, which are not found 
the Atlantic side, namely: 


Fusconaia Hemilastena Amygdalonaias 
Crenodonta Ptychobranchus Plagiola 
Obliquaria Paraptera 
Rotundaria Cyprogenia Proptera 
Plethobasus Obovaria Truncilla 
Pleurobema Nephronaias 


This entirely sufficient show the tremendous difference be- 
tween the two faunas, and demonstrates clearly that the Allegheny 
Mountains formed important barrier the eastward distribution 
the bulk the western fauna. further discussion this 
required. 

II. The fauna the headwaters the Allegheny River (com- 
bined lists 301) contains five species (out fourteen) 
which are typically western and belong genera just mentioned: 
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Fusconaia undata rubiginosa 
Pleurobema obliquum coccineum 
Pleurobema clava 
Ptychobranchus phaseolus 
Obovaria circulus lens 


Another one, Symphynota costata, should added, since, 
although the genus found the east, the subgenera are different 
(Lasmigona and Symphynota). 

This shows that although number the typical western genera 
have gone way into the headwaters, they have not been able 
cross the divide. 

III. the Atlantic side (see list 23) have two genera 
and which are not found the interior 
basin. has, indeed, related form (Cumberlandia 
monodonta the Tennessee and Ohio drainage, but there 
probably direct genetic connection between them, and the his- 
tory Margaritana, will seen below, case itself. 

IV. possibly related and descended from cer- 
tain interior basin forms (such Fusconaia and Pleurobema), but 
the relationship remote, and for all practical purposes may 
class with the cases mentioned presently. These are the 
following forms (of list no. 23): nos. (the four species 
Elliptio), and nos. 10, 11, (Alasmidonta collina, heterodon, un- 
dulata). these are forms the respective genera, which have 
representative forms the western side, although 
the genera are represented there. 

Attention should called the fact that three 
species Elliptio (fisherianus, productus, lanceolatus) and Alasmi- 
donta collina undoubtedly belong the southern element the At- 
lantic fauna, and that their distribution northward limited. How- 
ever, also probable that Elliptio complanatus, Alasmidonta 
heterodon and undulata belong the same class. The first and 
third are undoubtedly southern their affinities, and allied species 
are frequent upon the southern portion the Atlantic slope (in 
the Carolinas and Georgia). This not clear the case 
Alasmidonta heterodon. Here has the appearance, the dis- 
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tribution might more northern, but this may due defective 
knowledge the facts. 

Another group Atlantic species has closely allied species 
the interior basin. No. the list, Eurynia (Micromya) con- 
stricta, has representative form the upper Tennessee drainage 
(Eurynia (Micromya) vanuxemensis). Six others (nos. 14, 
19, 20, 21) have closely related, indeed representative forms, the 
upper Ohio drainage. The relation follows: 

no. and Anodonta cataracta and implicata, represent the 
western Anodonta grandis. 

no. 14, Alasmidonta represents the western Alasmi- 
donta 

no. 19, Lampsilis radiata, represents the western 

no. and 21, Lampsilis cariosa and ochracea, represent the 
western Lampsilis ovata ventricosa (and its allied forms). 

should noted that just these Atlantic forms are preémi- 
nently those which have more northern range upon the Atlantic side. 

VI. Finally, there are four species the Atlantic side, which are 
Specifically identical with western forms. Particulars are follows: 

no, 13, Alasmidonta marginata local form 
the Susquehanna drainage, closely resembling the widely dis- 
tributed western Alasmidonta 

no. Symphynota tappaniana, represented either side 
absolutely identical form. But here the distribution 
rather general the eastern side and local the western 
(New River). 

no. 16, Strophitus edentulus, absolutely identical either 
side, and also widely distributed, east well west. But 
should noted that apparently absent New River. 

no. 18, Eurynia nasuta. Here see that the identical species 
the Atlantic side and Lake Erie basin, but not the 
upper Ohio drainage. 

see once that these cases apparently are not subject the 
same laws, and further below they shall treated each itself. 

There remains yet one the Atlantic forms, no. 15, Strophitus 
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undulatus. must dismiss this for the present, for not 
know much about its taxonomic standing and its distribution. This 
may nothing but local form Strophitus edentulus, and then 
would have the latter the same relation Lampsilis ochracea 
has cariosa (the former the tidewater form the latter). 
whole, the Atlantic fauna should regarded offshoot 
the fauna the interior basin, with the exception Margaritana 
does not possess any very strongly marked types 
its own, but all may traced back western types. How- 
ever, there are different elements the Atlantic slope, which ap- 
parently reached their present range different ways, and probably 
different times. The greatest independence shown among 
those which are found the southern section the Atlantic slope, 
and there indication the development secondary center 
dispersal this region, producing few characteristic types, 
more remote their affinities from the forms the interior basin. 
The other forms are generally more less closely connected with 
western species, fact, clearly are representative forms them. 


CHAPTER 
DISTRIBUTIONAL FACTS OTHER FRESHWATER ANIMALS. 


advance further our attempt study the mutual 
relations the eastern and western freshwater faunas, well 
compare few other groups with the Najades, order ascertain 
whether there are parallel cases those described above. 


For the identification material indebted Sterki. 
Although have collected great many Spheriide from the streams 
Pennsylvania, West Virginia, and Virginia, collections are 
means complete. Nevertheless, far they go, they serve 
confirm the well-known fact, that with regard these small shells, 
the Alleghenian divide does not form important faunistic bound- 
ary. Thus the distinctly differ from the Najades, and 
undoubtedly must have been subject other laws. 
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not necessary give detailed account the single 
suffices enumerate those species which have before from 
both sides the mountains: 


Spherium sulcatum (Lam.) 
Spherium solidulum (Pr.) 
Spherium stamineum 
Spherium striatinum (Lam.) 
Musculium transversum (Say) 
Musculium truncatum 
Pisidium virginicum (Gmel.) 
Pisidium compressum Pr. 


course, these examples will become more numerous when 
more exhausting studies have been made. 

Altogether, may safely assume that general rule among 
this group, that the distribution not influenced the Alleghenian 
divide. have seen above, this condition extremely rare 
among the Najades. the present case, the distribution the 


seems have been formed under the influence one 
great general factor, which probably the faculty these shells 
cross over divides, presumably being transported. very 
pertinent bring this out here most emphatically, because, 
have seen, this factor has had very little effect among the 
Najades, shown the entirely different character their 
distribution. 


II. GASTROPODA, FAMILY: 


The identifications have been kindly furnished Hinkley. 
have rather satisfactory material this family, although the 
records are not complete and exhausting the Najades. 

The whole character the distribution these freshwater snails 
like that the Najades, and, consequently, indicated that 
exceptional means dispersal (transport) have played part. The 
range the species follows rather closely the river systems, and 
the effect the Alleghenian divide barrier quite evident. 
Two facts, however, are regretted, first, that the region 
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investigated the number species not very great, and second, that 
the natural affinities within this family are yet entirely obscure. 
Nevertheless, some interesting points are easily observed, will 
seen from the following account. 

THE UPPER OHIO DRAINAGE western Pennsylvania and 
West Virginia has the following species: 


Pleurocera canaliculatum (Say) 

Pleurocera altipetum 

Goniobasis livescens (Mke.) 
(incl. var. depygis 

Goniobasis translucens Anth. 

Anculosa dilatata 


remarked that the two Pleuroceras are restricted the 
larger rivers; no. the Ohio proper and below Pittsburgh, 
and has also been found far the lower Youghiogheny 
Allegheny Co., Pa.; while no. the middle Allegheny 
Venango and Warren Cos. Pleuroceras have ever been found 
any the smaller streams. 

Goniobasis livescens the Beaver drainage, and that 
French Creek the Allegheny (also Lake Erie), and appears 
this species should classed with those Najades which have 
been mentioned (on 291, footnote peculiar those 
drainages. The the Allegheny River, begin- 
ning the Ohio River below Pittsburgh, and going through 
Armstrong, Venango, Forest Warren Co., is, according Hink- 
ley, translucens, and this species also abundant the drainages 
Beaver River and French Creek. 

Except the lower Youghiogheny, where (many years ago) 
Pleurocera canaliculatum has been found, species Pleurocera 
Goniobasis are known from the whole Monongahela drainage. 
have doubt that some existed once least the lower Monon- 
gahela, but the pollution the waters apparently has exterminated 
them, and records have been preserved. The upper Yough- 
iogheny, where the water clear, entirely without 
and this positively established, for search has been made for them. 
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This fact which should emphasized, for the head- 
waters the Monongahela, Anculosa dilatata turns up. This 
found the lower part the Cheat Cheat Haven, Fayette Co., 
Pa., and goes through the canyon into the headwaters (Shavers 
Fork, Parsons, Tucker Co., Va.); also Tygart Valley 
River, Elkins, Randolph Co., Va., and even the plateau 
stream, West Fork River, Lynch Mines, Harrison Co., Va. 

Anculosas are found the rest the upper Ohio drainage 
western Pennsylvania. 

Farther south West Virginia our knowledge probably frag- 
mentary. the Kanawha drainage, Pleuroceride are known 
me, except Pleurocera validum Elk River; and New River 
and Greenbrier rivers, least from Hinton upward, contain Ancu- 
losa dilatata (Conr.). The latter exceedingly abundant this 
region. 

the Big Sandy, Prestonsburg, Floyd Co., Ky., collected 
Pleurocera unciale Hald., species which also found Clinch 
River. Licking River Farmer, Rowan Co., Ky., has Pleurocera 
cylindraceum Lea. 

appears that there certain correlation the distribution 
the and the Najades the upper Ohio drainage, 
least far concerns the genera Pleurocera and Goniobasis. 
well known that the greatest variety forms found the lower 
Ohio and its tributaries, and suggested that this fauna has 
migrated upstream, and that there general decrease the num- 
ber species upstream direction. But the different tributaries 
the upper Ohio seem have received have developed different 
species. addition, most the species not very far into the 
headwaters, and the smaller streams generally not contain Pleuro- 

One very remarkable fact noted. the headwaters 
the Monongahela, excluding the Youghiogheny, and also the 
headwaters the Kanawha (New and Greenbrier rivers), Anculosa 

This, however, different the Beaver drainage, where species 
Goniobasis are found small creeks. But the characteristic species, lives- 


cens, probably did not come the Ohio, but came “across country” from 
the West. 
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the only genus found, and represented all these streams 
one and the same species, dilatata. This genus not found any- 
where else the whole upper Ohio drainage West Virginia and 
Pennsylvania, but represented the Atlantic side closely 
allied and widely distributed species. perfectly clear that this 
case does not submit the same laws which governed the Najad 
fauna and the other Pleuroceride this region. Further particu- 
lars will given below. 

regards the upper Tennessee fauna (Clinch and Holston 
rivers), have here again rich development Pleuroceride, 
well known. not think that collections represent this 
fauna fully, but have collected the following species: 


fluvialis (Say) (Holston and Clinch) 

Pleurocera estabrooki (Lea) (Holston) 

Pleurocera knoxense (Lea) (Holston) 

Pleurocera unciale Hald. (Clinch, also, have 
seen, Big Sandy.) 

Goniobasis simplex (Say) (Holston and Clinch) 

Anculosa gibbosa Lea (Holston and Clinch) 


type entirely peculiar this region. Except unciale, 
which also the Big Sandy, the others have striking relation- 
ship any the species mentioned above from the upper Ohio. 
The Anculosa may have somewhat closer genetic relationship with 
the Anculosas farther north, New River, etc., but morphologically 
they are distinctly separated. 

Thus clear that the Pleurocerid-fauna the upper Ten- 
nessee undoubtedly corresponds the Najad-fauna this region, 
and probably has had similar history. 


THE ATLANTIC SIDE. 


The genus Pleurocera entirely missing the Atlantic side. 
Goniobasis represented two virginica (Gmel.) and 


Additional species are found from North Carolina southward. nick- 
liniana Lea has been reported (Tryon, 31) from Bath Co., Va. (orig- 
inal locality: near Hot Springs, drainage Jackson River). This species 
unknown me. collected Jackson River Covington, Alleghany Co., 
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symmetrica Hald. The former common all over the Delaware, 
Susquehanna, Potomac and James river drainages, and has been 
found practically everywhere, possibly with the exception the 
smallest streams the headwaters. This species has closely 
allied representative form the upper Ohio drainage, but 
Tryon’s arrangement the species (1866, f.) natural, re- 
lated forms are found Tennessee and Alabama. unknown 
how far this species ranges southward, but according our present 
knowledge, seems that belongs rather that group fresh- 
water forms, which point their affinities center lying the 
southern Atlantic slope. 

Specimens Goniobasis collected myself Mason Creek, 
Salem, and Tinker Creek, Roanoke, Roanoke Co., Va. (Roanoke 
drainage) have been identified Hinkley symmetrica, species 
reported (Tryon, 30) from West Virginia, East Tennessee, 
South Carolina, North Georgia, and Alabama. But there much 
uncertainty about this, and West Virginia seems more than 
doubtful. One fact, however, sure: this species not found 
north the Roanoke the Atlantic side. Thus also this appears 
southern type, and should classed with the same group 
virginica. 

addition there species Anculosa the Atlantic side: 
carinata (Brug.). This absent the Delaware drainage, but 
extremely abundant the systems the Susquehanna, Potomac, 
James, and Roanoke, and goes far the mountain streams. 
This species very closely allied dilatata New River and 
the headwaters the Monongahela, and undoubtedly stands 
closest genetic relationship it. fact, these two species are 
intimately allied the one hand and are polymorphous the 
other, that extremely hard distinguish them. has been 
mentioned that they also have allied but more sharply distin- 
guished species the upper Tennessee (A. gibbosa). 

There doubt that have class this case with those 
the very closely allied identical species Najades either side 
less than twenty miles from Hot Springs, but only Anculosa carinata was 


there, various forms, some which resemble very much Lea’s figure 
nickliniana. 


q 
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the divide. The present case most resembles that Symphynota 
tappaniana, where have species found both New River and 
the Atlantic side. the latter not entirely identical, 
for not found the Monongahela drainage, and goes, the 
Atlantic side, farther north, while carinata only reaches the Sus- 
quehanna which goes New York state. 


FAMILY: GENUS: CAMPELOMA 


Also this group lack modern revision the species, and 
there much uncertainty with regard the geographical distribu- 
tion. What have collected Pennsylvania, West Virginia and 
Virginia apparently falls under three described species: Campeloma 
decisum (Say), rufum (Hald.), and ponderosum (Say), and 
with the first one unite undistinguishable, what has been called 
integrum (Say). any rate, not able distinguish the 
common form the upper Ohio drainage western Pennsylvania 
and West Virginia from the common form the Atlantic side 
(from Delaware James). The identical form also Clinch 
River. 

decisum seems prefer the larger rivers, but not absent 
the headwaters, and have from the mountain region either 
side the divide (Shaver’s Fork, upper Tygart system, Greenbrier, 
uppermost tributaries Allegheny, and many places the head- 
waters the Potomac and James). Consequently, this would 
again case where identical species found either side the 
divide, and where this divide does not form barrier the dis- 
tribution. 

the other two species, rufum known only from 
northwestern Pennsylvania, the Allegheny and its tributaries 
(French Creek) and the Beaver and Little Beaver drainage. This 
looks very much belonged those forms, which invaded 
Pennsylvania from the west, coming “across country.” (After all, 
this may only local form decisum, with which often 
found associated. 

found ponderosum only Elk Creek, West Virginia, and 
farther down the Ohio (Portsmouth, Scioto Co., Ohio). Here 
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the only Campeloma present, and should emphasized that 
the upper Kanawha drainage, Greenbrier River, not this species, 
but decisum found. 

ponderosum have representatives the Atlantic 
side, and clearly belong the fauna the upper Ohio River, 
although they probably belong different parts it. 


IV. DECAPOD CRUSTACEANS: THE CRAYFISHES THE 
GENUS CAMBARUS. 

The conditions presented the distribution the crayfishes 
have been discussed the writer with regard the state Penn- 
sylvania (Ortmann, 1906). These studies have been continued to- 
ward the south, and most the facts given here for Virginia and 
West Virginia are new and add considerably our previous 
edge. course, certain ecological group disregarded 
here, the burrowing crayfishes, for they not live open water, 
rivers creeks, and not depend their distribution drainage 
systems (Cambarus carolinus Er.,C.monongalensis 
Gir.). 

The following river and creek forms are found the 
ERN SIDE the mountains. 

Cambarus obscurus Hag. This species belongs the upper Ohio 
system, from Moundsville, Va., the Ohio, and from Fishing 
and Fish Creek upward. But should noted that subsequent 
investigations have shown that goes little farther down the 
Ohio proper, for the river St. Mary’s, Pleasants Co., 
Va. the Allegheny River this species goes the headwaters 
(Coudersport, Potter Co., Pa.), and also the tributaries (Red 
Bank, Mahoning, Crooked), except the Kiskiminetas-Conemaugh, 
where goes only the mouth the canyon Blairsville, while 
goes into the upper Loyalhanna Westmoreland Co. Thus 
the Conemaugh resembles the conditions seen the more southern 
mountain tributaries the Monongahela. the latter this species 
goes only the lower end the canyons, and not found the 
upper parts (Youghiogheny, Cheat, Tygart), while the plateau 
stream, West Fork River, found nearly the sources (Weston, 
Lewis Co., Va.). 
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Cambarus propinquus sanborni Fax. has been shown 
previous paper, this species takes the place obscurus the 
river-species below the lower boundary the range the latter. 
the Ohio proper, propinquus sanborni has been found 
Parkersburg, Wood Co., and Ravenswood, Jackson Co., Va. 
also present the tributaries the Ohio this region. 
additional locality the drainage Middle Island Creek McKim 
Creek, Union Mills, Pleasants Va. the Little 
Kanawha drainage North Fork Hughes River, Cornwallis, Ritchie 
Co., and the Kanawha River, Burnsville, Braxton Co., 
From the Kanawha drainage have from Elk River, Clay, 
Clay Co., and collected also Mud River, Milton, Cabell Co., 
which the Guyandot drainage. Although did not get the 
Big Sandy, surely there, for its type locality (according 
Faxon) Smoky Creek, Carter Co., Ky. could not locate this 
creek, but place called Smoky Valley western Carter Co., and 
the Tygart Creek Little Sandy and Tygart Creek fall 
into the Ohio below the mouth the Big Sandy.) Beyond this, 
this species disappears, and its place taken the next, but have 
ascertained this only Rowan and Fleming Cos., Ky. 

Cambarus rusticus Gir. This the river-species Licking 
River, which flows into the Ohio below Cincinnati. The old record 
for this species, Cincinnati, would thus confirmed. found this 
species Licking River proper Farmer, Rowan Co., and the 
tributaries, Triplet Creek, Morehead, Rowan Co., and Fleming 
Creek, Pleasant Valley, Nicholas Co., Ky. 

Cambarus spinosus Bund. This the representative species 
rusticus the upper Tennessee drainage, and found Clinch 
River Richland and Raven, Tazewell Co., Va. From this center 
distribution has crossed over into the Gulf and Atlantic drain- 
ages Georgia and South Carolina, but this does not concern here. 


general way, these river crayfishes show the same geograph- 
ical features the bulk the Ohio River shell fauna. The species 
These two localities are interesting, for they approach closely localities 


the West Fork River, Lynch Mines, Harrison Co., and Weston, Lewis 
Co., where obscurus found. 
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the propinquus group (obscurus and propinquus sanborni) have 
the same peculiarity the Najades, going up, the rivers, only 
the falls line the mountain streams West Virginia and south- 
ern Pennsylvania, while the upper Allegheny they nearly 
the sources. The fact that the Kiskiminetas-Conemaugh they 
not follow the Najades into Somerset Co., and that thus this river 
resembles the southern ones; and that then again the upper Loyal- 
hanna conforms with the northern streams, not very astonishing, 
for the Kiskiminetas system, being geographically intermediate, 
should also expected form faunistically transition. 

These crayfishes, however, differ from the Najades, present- 
ing uniformity the upper Ohio fauna only far they are 
closely allied, belonging all into the same natural 
group. But specifically they are quite sharply distinct, and thus 
indicate, their distribution, three faunistically different sections: 
the upper Ohio characterized obscurus, farther down pro- 
pinquus sanborni takes its place, and finally, beginning with Licking 
River, rusticus turns up, and this species has representative also 
the upper Tennessee, spinosus. 

These conditions are important for the history the crayfish 
fauna the Ohio basin, and suggest, believe, that the Najad 
and the crayfish population this system was not entirely subject 
the same laws. 

Cambarus bartoni (Fabr.). This not river species, but 
species the small and smallest creeks, going the very springs. 
found everywhere the western side the mountains, for 
instance, Blackwater River and Shaver’s Fork, small runs tributary 
Buckhannon River, upper New River drainage (Reed Creek), 
and small runs tributary Clinch River. also the Atlantic 
side (see below). 

Cambarus longulus Gir. found, the western side, only 
the upper Kanawha drainage, Greenbrier and New Rivers, and also 
the upper Tennessee drainage, Holston and Clinch. also 
the Atlantic side (see below). 
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CRAYFISHES THE ATLANTIC SIDE. 


Cambarus blandingi (Harl.). This species has not been treated 
report the Pennsylvanian crayfishes, but have discovered 
subsequently that present great numbers the ditches the 
Delaware meadows League Island, Philadelphia. Its distribution 
from New Jersey Georgia, and slightly different form (var. 
acutus Gir.) extends westward over the Gulf plain Texas, and 
northward into the interior basin. The existence related species 
chiefly upon the Gulf plain (Ortmann, 1905, 105) indicates that the 
center this species the southeastern United States, and there 
question that reached our section (from Virginia northward) 
migration coming from the south. Thus clearly belongs into 
the same group which those Najades belong, for which have 
located the center dispersal the southern parts the Atlantic 


slope. 

Cambarus limosus (Raf.) species confined primarily the 
lowlands and Piedmont region from New Jersey Virginia, but 
which has gone up, the Susquehanna and Potomac, into the moun- 
tains, possibly only secondarily. The facts the distribution have 
been compiled former paper (1906, pp. 425 ff.), and the con- 
clusion was reached (p. 432) that this form belonging the 
northern section the Atlantic slope, and that its connection with 
the western forms allied around the northern end the 
Appalachians. Thus clearly falls into the same category with 
certain Najades mentioned above. 

Cambarus obscurus Hag. This western species exists the 
upper Potomac drainage. have previously (1906) considered this 
accidental introduction, and more recently pp. 51-54) 
have parallelized this case with that Lampsilis ventricosa cohon- 
goronta, due artificial transplantation. Thus this not 
original feature the Potomac drainage, and should disregarded. 

Cambarus acuminatus Fax. species, known hitherto from the 
Atlantic drainage only North and South Carolina, and also re- 
ported from French Broad River North Carolina, tributary the 
Tennessee. the Atlantic side, however, this species extends 

farther north, and have found Mason Creek, Salem, and 
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Tinker Creek, Roanoke, Roanoke Co., Va. (Roanoke drainage), 
and Mountain Run, Culpepper, Culpepper Co., Va. (Rappahan- 
nock drainage). Although differing from blandingi not be- 
longing the coastal plain, but rather the Piedmont plateau, 
even the mountains, the direction its distribution apparently was 
the same, from south north, and thus clearly belongs the 
southern element the Atlantic fauna. the fact that the same 
species also found the Tennessee drainage, resembles 
degree the case Eurynia constricta and among the 
Najades. But this may disregarded for the present, for does 
not concern the region under discussion. 
Cambarus bartoni (Fabr.). All over the Atlantic side, also south 

Pennsylvania, and collected myself, for instance, Charlottes- 


ville, Albemarle Co., Va., and additional records are 
former list localities (1906, pp. 382-384). Here have 
Species wide and general distribution both the western and 
eastern side the mountains, going into the very headwaters 
within the mountains. Thus clear that the divide has not acted 
barrier this case, which have explained the exceptional 
means dispersal possessed this species consequence its 
ecological habits. This species able cross divides. 

Cambarus longulus Gir. have seen that this the upper 
Tennessee and the upper Kanawha, the western side. the 
eastern side common form the upper James drainage (Jack- 
son and North Rivers). also has been reported from the upper- 
most Shenandoah drainage, South River Waynesboro, Augusta 
Co., Va. 

This distribution clearly resembles that Symphynota tappani- 
ana among the Najades, and that the genus Anculosa among the 
and there question that similar factors have con- 
tributed bring this about, although each these cases certain 
peculiarities are observed. shall devote more time this far- 
ther below. 
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CHAPTER 


DISTRIBUTIONAL FACTS WHICH CALL FOR 
TION. 


The above the faunistic material which have been able col- 
lect. Comparing the facts observed the different groups fresh- 
water animals discussed, several classes have been brought our 
attention repeatedly, and they may condensed under the following 
generalized heads. 


WESTERN SIDE. 


The Alleghenian divide actually forms sharp faunistic bound- 
ary for great number freshwater creatures. This most evi- 
dent for the forms the interior basin, which greater 
lesser distance the upper Ohio drainage, but not cross the 
divide. these belongs the bulk the the genus 
Pleurocera and the western species Goniobasis, among the Pleu- 
least one species Campeloma (C. ponderosum) and 
the group Cambarus rusticus and propinquus the crayfishes 
(which are closely allied). 

general way the interior basin fauna appears unit, 
number species, chiefly Najades, being found uniformly all 
parts the Ohio drainage, from the upper Tennessee region the 
upper Allegheny River. 

Nevertheless there are indications differentiation into sev- 
eral subdivisions, which may described follows: 

(a) The most sharply differentiated part the upper Tennessee 
region, and this belongs probably the whole Cumberland-Ten- 
nessee drainage. This clearly seen the Najades, the Pleuro- 
ceride, and the existence peculiar species crayfish, Cam- 
barus spinosus, belonging the rusticus group. 

(b) Another part comprises the main fauna the Ohio, chiefly 
the middle and upper parts, tributaries. This fauna shows 
preéminently the uniformity mentioned above, and goes from Lick- 
ing and Big Sandy rivers Kentucky the upper Allegheny, in- 
cluding the Kanawha and Monongahela. the Allegheny this 
fauna goes the headwaters. But the Kanawha and Monon- 
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gahela goes only point the lower end the canyon 
the mountain tributaries. This latter feature expressed the 
Najades, and also the genera Pleurocera and Goniobasis the 
Pleuroceride. Also the crayfishes the propinquus-group (Cam- 
barus propinquus sanborni and obscurus) show distinctly. 

(c) third part the region the headwaters the mountain 
streams, tributary Kanawha (New and Greenbrier) and Monon- 
gahela (Buckhannon, Tygart, Cheat, Youghiogheny). This fauna 
chiefly characterized negative features, the absence the 
typical forms the upper Ohio But also has some positive 
for instance, the presence Symphynota tappaniana 
the upper Kanawha; Anculosa dilatata the upper Kanawha, 
Tygart, and Cheat; and Cambarus longulus the upper Kan- 
awha. the various streams belonging this region, each has 
some features its own, and the elements have various relations 
each other. very important notice that most the forms 
found these streams are represented, the Atlantic side, 
identical very closely allied forms (Symphynota tappaniana, 
Strophitus edentulus, Anculosa dilatata, Cambarus longulus). Other 
elements this fauna belong the general Ohio fauna (Symphy- 
nota costata, Elliptio dilatatus, Alasmidonta marginata), and just 
these have closely allied forms the Atlantic side (Alasmidonta 
varicosa indeed allied marginata, but shall see, 
not closely connected with the New River form). 

further should noted that the New River shows relations 
the upper Tennessee Cambarus longulus, and possibly also 
Anculosa. Further, the upper Kiskiminetas-Conemaugh drainage 
Pennsylvania shows intermediate condition between the more 
southern mountain streams and the more northern tributaries the 
with regard the conforms the latter, 
with regard the crayfishes the former (excepting again the 
Loyalhanna). 

II. Eastern 


The fauna the Atlantic slope shows little evidence that 
ever was important, independent center radiation. All forms 
belonging have more less close relations forms the 
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interior basin (except Margaritana). certain uniformity this 
fauna also expressed two ways: 

(a) the uniform and wide distribution certain species, 
indicating the possibility intermigration between the various river 
systems 

(b) the fact that the fauna each river, disregarding few 
lowland species, goes up, its bulk, into the mountains and ap- 
proaches closely the headwaters without appreciable depauperation. 

There differentiation elements within the Atlantic 
fauna, indicating different origin. 

(a) southern element pointing secondary center radia- 
tion the southern parts the Atlantic slope distinguishable. 
This center itself, however, lies chiefly outside the region dis- 
cussed here. Forms like like those the Elliptio 
complanatus and fisherianus-group, Alasmidonta collina, heterodon, 
and undulata, Eurynia constricta, among the Najades, Goniobasis 
virginica and symmetrica among the Pleuroceride, Cambarus bland- 
ingi and acuminatus, among the crayfishes, belong here. These 
forms exhibit morphologically the greatest independence, and are 
possibly the oldest element the Atlantic fauna. some cases 
hard impossible connect them with types the interior 
basin more than general 

(b) the northern section the Atlantic slope exists group 
forms, which are more closely related species the interior 
basin and often must regarded their direct representatives. 
These are the Najades enumerated under group (p. 325), and the 
crayfish, Cambarus limosus. They all have their main range the 
north, and toward the south they disappear sooner later, and have 
representatives the south. Very often their southward range 
becomes restricted the coastal plain. 

(c) Further, there third group among the Atlantic forms. 
These are either conspecific with western forms extremely closely 
allied. These are the Najades mentioned under VI. (p. 325), the 


*It might mentioned here, that these forms probably will intimately 
connected with the Tennessee-Coosa problem, and their number will greatly 
added to, when the fauna the Carolinas and Georgia taken into con- 


sideration. 
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the Anculosa dilatata-carinata group the Pleuroceride, 
Campeloma decisum, and the crayfishes, Cambarus bartoni and 
longulus disregard, for the present, spinosus and acumi- 
natus, probably belonging the Tennessee-Coosa problem, 
any rate region lying the south the one which interests 
here). 

These forms generally way into the mountains, and prac- 
tically meet there with the western range the respective forms, 
that the distribution seems almost continuous across the mountains, 
and suggests crossing the divide. 

There great variety the details distribution these 
forms, and two main groups may distinguished: those with 
more universal range either side the mountains, and those with 
more restricted range one both sides. 


The above sketch the chief distributional features, and 
see that possible group number cases under the same 
heads, which means say that very likely similar causes have acted 


bring about similar distribution. But before begin the task 
investigate the laws which governed these different types dis- 
tribution, necessary recall our mind certain fundamental 
facts with regard the physiography the Alleghenies. 


CHAPTER 


TAIN REGION. 

The origin and the development the Appalachian Alle- 
ghenian mountain system rather well worked out (see McGee, 
1888, Davis, 1889, Davis, 1891, Willis, 1896, Hayes, 1896, Davis, 
1907), and may assume that its general features are established.. 
not need much into detail here, but certain phases 
the mountain forming process should brought out, which will 
important for our present purpose. 


q 
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MOUNTAINS UPHEAVAL AND EROSION. 


Lateral pression general direction from northwest south- 
east, Permian and Postpermian times, formed the ancient and 
original Alleghenian system, which consisted number more 
less parallel folds (anticlines and synclines) running north- 
east-southwest direction. These folds were pressed against 
old block Archaic rocks lying the east them, the Old Appa- 
lachian belt Davis (1907), now Piedmont plateau. They were 
piled highest the eastern part, close the old Archaic rocks, 
but also the southern parts the elevation was originally higher 
than the northern, and this section not only folds, but also 
faults, were formed. 

soon this mountain system began develop, erosion set in. 
The original drainage features conformed the original structure; 
the highest elevation being well the east, the divide was situated 
here, close the old Archaic land, and the old rivers had follow 
the structure the mountains, running first between the parallel 
ridges consequent, synclinal valleys, and finding their outlets 
certain points westerly (northwesterly) direction, toward the 
interior basin. the other side, toward the Atlantic Ocean, there 
were shorter streams, originating also the highest elevation, run- 
ning east and southeast, and reaching the sea after having traversed 
the belt Archaic rocks. 

The longitudinal streams the western side the divide began 
carve out their valleys. But addition, top the anticlines, 
anticlinal valleys began develop, running parallel the synclinal 
valleys, and very soon important differentiation the power 
erosion these streams became evident, which due the geo- 
logical structure and succession rocks the mountains. The 
beds which compose them are all archaic and but while 
the uppermost (Carboniferous) consist largely hard sandstones, 
the lower beds (Devonian and older) softer shales and limestones 
prevail. While the oldest rivers were running uniformly over sand- 
stones, the anticlinal rivers, and chiefly those running the highest 
elevations, had the best chance cut first through the sandstones 
and reach the softer beds below. After this, these streams working 
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less resistant material, had the advantage, and thus the anticlinal 
valleys were more deeply excavated than the synclinal valleys. This 
process advanced farthest the eastern section the mountains, 
that what was once the highest elevation became finally deeply 
excavated valley. 

This general was repeatedly interrupted the fact that 
the whole region was reduced base level. One these periods 
base level conditions most important us, that Cretaceous 
times, when most the mountain region was peneplain, little ele- 
vated above the sea, but with certain hills (monadnocks) standing 
above this level. Postcretaceous times reélevation took place, 
and the rivers began their work again, according the same laws, 
but with complications due the base-level period. During the 
latter, they had acquired courses across the strike the mountains, 
and these were inherited the later rivers, and often they were 
compelled cut across hard rocks, thus forming so-called water 
gaps, which have apparent connection with the original geological 
structure. 

The difference the erosion has produced physiographical 
differentiation within the whole system. the western parts, where 
the Pre-Carboniferous soft rocks have not been reached, either 
synclinal valleys are present, the drainage system independent 
the structure, irregular dendritic. This section has been base- 
leveled rather completely the past, and thus the character 
plateau, and has been called the Alleghenian Plateau. The 
eastern parts, which were originally much higher, have been much 
cut into the anticlinal streams, which have carved out broad lime- 
stone valleys, with high ridges harder rock between them, that 
this region has more mountainous character, and known the 
Allegheny Mountains proper. Within these mountains, farthest 
the east, where there was once the highest elevation, exception- 
ally broad valley has been excavated, called the Great Allegheny 
Valley. 

Thus have, going from west east across the mountains (see 
Plate XII.): (1) The Allegheny Plateau; (2) the Allegheny Moun- 
tains, with numerous ridges and valleys, the most eastern valley being 


344 ORTMANN—THE ALLEGHENIAN DIVIDE. 


the Great Allegheny Valley, then follows, east the mountains, 
much older section the (3) the Piedmont Plateau, pene- 
plain, the remnant the Old Appalachian land; and finally toward 
the ocean comes additional physiographic division, (4) the Coastal 
Plain, lying between the Piedmont Plateau and the sea, various 
width, which consists marine deposits much younger geological 
age (Cretaceous and Tertiary) (see McGee, 1888, Powell, 
Davis, 1907). 

the southern Appalachians this division somewhat modified. 
The boundary between and more developed (Blue Ridge) and 
called the Appalachian Mountains, while no. has more 
valley character and called Valley. No. called 
Cumberland Plateau (see Hayes, 1899, 1). 

The boundary between the Coastal Plain and the Piedmont Pla- 
teau well marked escarpment forming falls line for the 
streams traversing the Piedmont Plateau. The Allegheny Moun- 
tains, and chiefly the Allegheny Valley, are marked off from the 
Piedmont Plateau the flank anticline, consisting largely 
archaic rocks, known Virginia Blue Ridge, and continued into 
Pennsylvania South Mountain. But farther north this ridge be- 
comes obscure, and Piedmont Plateau and Allegheny Valley are 
more less indistinct. southern Virginia the Blue Ridge widens 
out and becomes more important member the system, finally 
reaching North Carolina the highest elevation (see above). The 
Great Allegheny Valley very distinct northwards, Pennsylvania, 
Maryland and northern Virginia, forming broad and flat limestone 
valley, and sharply differentiated from the more western moun- 
tains and valleys. Farther south merges more less with the 
mountain region, which consists several broad and flat limestone 
valleys, separated longitudinal ridges formed monoclinal 
harder rocks. 

The boundary between the Allegheny Mountains and the Alle- 
gheny Plateau well marked Pennsylvania and Maryland the 
western flank anticline, known Allegheny Front. Farther 
south this may traced certain but then, West 


Willis, 186 (also Abbe, 1899, 70), use the name Allegheny 
Front much farther South, for the escarpment west Bluestone River: this 


’ 
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Virginia, the mountain-type erosion encroaches upon the plateau, 
and, for instance, the valley the upper Tygart and Greenbrier 
valley are largely anticlinal valleys the mountain-type (see Fon- 
taine, 1876, 9), that the eastern edge the Allegheny Plateau 
pushed back westward. the region between James and New 
River and beyond (toward the southwest), conditions become more 
complex the development faults, and here the eastern edge 
the plateau (Cumberland Plateau) formed tremendous fault, 
which brings the Carboniferous down about the same level with 
the Cambrian. (See maps and profiles Rogers, 1884; also geo- 
logical map Willis, 1912; the faulting, see 1865; 
Stevenson, 1887; Powell, 79.) 


CAPTURE. 


There yet another factor which contributed make the struc- 
ture the Alleghenies more complex. have seen that the orig- 
inal divide the waters probably was well the east, not far from 
the old Piedmont land. clear that from this divide the way 


sea-level (the Atlantic Ocean) was short and direct, while westward 
was long and devious. This produced much steeper grade 
the eastern streams, and consequently the eroding power the latter 
must have been much greater than that the western streams. The 
eastern rivers had thus the first chance saw through the divides 
westward. This resulted the general law that the Atlantic 
streams have the tendency cut into and encroach upon the 
region which originally drained westward. general law not 
without exceptions, but such are rare. 

Also the Atlantic streams have been subject stream capture be- 
tween Campbell (1896, 675) points out the unsym- 
metrical development their basins, with the divides shifting toward 
the southwest; the Susquehanna developed the expense the 
Potomac, the Potomac the expense the James, the James 
that the Roanoke. Similar conditions probably existed the 
western side. 
correct only far this escarpment represents the eastern boundary 


the Allegheny Plateau, but does not correspond the same structural 
line the Allegheny Front Pennsylvania. 
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This stream piracy capture must have gone all through the 
history the mountains; but the evidence for the older cases 
largely lost account the base level conditions prevailing vari- 
ous times. Only more recent cases are more less 
clear. But general way the present rivers indicate that stream 
capture has been most effective the northern parts the Alle- 
ghenies, and, toward the south, the various rivers show this phe- 
nomenon lesser degree. (Davis, 1889; Hayes and Campbell, 
1894, 102; also Campbell, 1896.) addition, these processes 
were modified tilting the reélevated peneplain opposite 
directions the north and south (Powell, 1896, 79). 


CONDITION (See Plate XII.) 


the present time have only the southern Appalachians 
the remnants the primitive condition the drainage, streams 
running toward the west, with their sources near the Blue 
Ridge, well the east. This the case the Tennessee and New 
River region. New River good example this, and may 
safely regard this river representing most nearly the original 
drainage features (Davis, 1907, 732: There not another river 
the whole Appalachian region that well preserves its ancient 

Following the Allegheny Mountains and the Allegheny Valley 
northward, meet streams draining more and more easterly 
direction, first the Roanoke, then, succession, the James, Potomac 
and Susquehanna, and interesting notice that the first one 

means here “ancient” preéminently the Pretertiary time. 
But probably the present New River not the oldest line discharge out 
this region. Using the same methods used Davis (1889) for the 
construction the old Anthracite River Pennsylvania, would obtain 
old river running West the depression between two elevations (monad- 
nocks), along which now runs the Chesapeake and Ohio Railroad (between 
Covington and Hinton, see Pl. XII. and profile, Pl. XIV., Probably the 
fault the western side Peters Mountain also played part defining 
this oldest line discharge. The present New River would then later 
(but probably also Pretertiary) feature, and would have about the same re- 


lation the old river, the present Susquehanna has the old Anthracite 
River, after its reversion. 


ORTMANN—THE ALLEGHENIAN DIVIDE. 347 


occupies only the valley, and very little the mountains, while every 
succeeding one cuts farther back into the mountains (Campbell, 
1896, 675). 

the region the uppermost Roanoke there good instance 
more recent stream piracy. The headwaters the North Fork 
are running first southwesterly direction valley, which 
clearly continued toward New River; but just north Christians- 
burg this fork makes sharp bend, cuts through Paris Mountain, 
and flows then eastward and northeastward. clear that the 
Roanoke has captured here former tributary New River (see 
Campbell, 1896, 674, and our map, XII., and profile pl. XIV, 
fig. 1). 

James River has cut much farther into the Allegheny Mountains. 
doubtful whether the original streams this region belonged 
New River. According Hayes and Campbell (1894, 110) 
important shifting divides has taken place this region during 
the Tertiary cycle, although, have seen, Campbell (1896) 
assumes stream piracy between James and Roanoke. This region 
extremely complex structure and has little been investigated. 

Coming the Potomac drainage, observe that this river has 
cut clear across the mountains, and has reached, northeastern West 
Virginia and western Maryland, the western boundary the 
Allegheny Plateau, Allegheny Front, and one point has even cut 
through this and encroached upon the Allegheny Plateau, draining 
now longitudinal synclinal valley. (See our map, XII., and 
profile pl. XIV, fig. 2.) tothe former drainage this region very 
little known. But according Campbell (see above) the Potomac 
has robbed, the region the mountains, James River, and one 
case, the Shenandoah Valley, have instances more recent 
stream piracy during the Tertiary cycle. The Shenandoah 
rather recent stream, which has captured succession several older 
streams, running originally independently through Blue Ridge east- 
ward (see Davis, 1891, 576, and Abbe, 68). 

The Susquehanna Pennsylvania has progressed farthest the 
capture western streams. has not only cut clear across the 
mountains, but also has invaded large section the plateau, which 
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originally drained the westward (see Plate XII.) The primitive 
drainage features this region have been worked out Davis 
(1889), and according him this whole region was once drained 
the ancient Anthracite River, running northwesterly direc- 
tion through what now the anthracite basin, its sources being 
situated well the east, the Kittatinny highland. The upper 
part this river was first reversed, that discharged southeast- 
ward (direction present Schuylkill), and then the Susquehanna 
encroached upon this system, becoming finally the master stream 
Central Pennsylvania during Jura-Cretaceous times. The final step 
the development this drainage was the capturing the plateau 
drainage, but also this falls largely into Pretertiary times. That 
the Susquehanna encroached also southwestward upon the drainage 
the Potomac has been mentioned above, and this probably the 
chief change this system which belongs the Tertiary time. 


History THE WESTERN DRAINAGE. 


the present time all western streams are finally united into 
one great system, that the Ohio, which finally runs into the Mis- 
sisssippi and the Gulf Mexico. the past this was different, 
and know now that the present system comparatively young 
age, that the Ohio recent stream, and that the former drainage 
features this region were entirely different. According the 
investigations number writers (for instance, Foshay, 1890; 
White, 1896; Leverett, 1902; Tight, 1903), there was Preglacial 
Ohio River, but its place there was system northward flowing 
streams. the region under consideration two them are well 
established: the Old Monongahela western Pennsylvania and 
northern West Virgina, and the Old Kanawha West Virginia (the 
Sandy belonging the latter). How the conditions were 
farther down somewhat doubtful, but there might have been 
third river the same general character (Licking-Miami, Cin- 
cinnati River, see below). 

The advancing ice the Glacial period shut off the outlet 
these rivers, dammed them up, converted them into lakes, and finally 
the waters were forced seek another outlet, and the general slope 
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the country and the direction the edge the ice made them 
find this outlet southwesterly direction, thus connecting the old 
Preglacial systems new river, which was the beginning the 
present Ohio. The Ohio thus was formed during Glacial times. 

The northward flowing Preglacial rivers were connected 
master stream called Erigan River, running direction about par- 
allel with the direction the present St. Lawrence. There some 
dispute the direction this old river (northeast southwest), 
but the evidence preponderates which assigns northeasterly 
flow. The present writer has shown also (1906, 429) that cer- 
tain facts the distribution crayfishes point this conclusion, 
that say, that this drainage finally was eastward into the At- 
lantic Ocean. This question will discussed farther below. 


CONNECTION THE ATLANTIC STREAMS, 


The present Atlantic streams, Delaware, Susquehanna, Potomac, 
James, Roanoke, are quite independent from each other, and dis- 
charge separately into the sea, that direct intercommunication 
their waters seems possible. However, have seen that their 
headwaters interlock closely, and that probable that the past 
stream capture has taken place between them the region the 
Allegheny Mountains (see above the quotation from Campbell, 1896, 
675). course across the Piedmont Plateau these streams 
are present generally well separated, but farther the east, where 
they enter the region the Coastal Plain, they reach physiograph- 
ical section character which permits frequent interchange the 
waters. addition, know that the Coastal Plain éxtended, 
certain times, farther seaward, and that the present Delaware and 
Chesapeake Bays and also the estuaries the other Atlantic streams 
represent drowned river valleys, that probably the past this 
interchange the waters took place larger scale (see LeConte, 
Powell, 1896, 73; Spencer, 1903; Davis, 1907, 717). 

Thus the Atlantic streams were not always isolated from each 
other, and the past, well the present, intercommunica- 
tion their waters was possible, chiefly the Coastal Plain, which, 
course, also must have permitted exchange the faunas. 
The importance this will understood below. 
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CHAPTER 
EXPLANATION DISTRIBUTIONAL 


are now ready study the faunistic facts with regard 
their genesis, and shall take them according the classification 
given above (Chapter pp. 338-341). 


Fact 


The fact that the eastern and western faunas are sharply distinct, 
and that the Allegheny system actually forms sharp faunistic bar- 
rier the freshwater faunas, does not need any comment, for moun- 
tain ranges generally are most apt act divides between rivers 
and their faunas unless the elements these faunas have excep- 
tional means dispersal (by transport). The very fact that the 
western forms generally have not crossed the divide, nor have the 
eastern forms, indicates that among three the groups discussed 
here Crayfishes) such exceptional means 
dispersal have acted any considerable degree. However, 
shall see farther on, there are some exceptions. 

One point, however, deserves special mention. There have been 
periods general base-leveling, the last important one belonging 
the Cretaceous time. very likely that this time the barrier 
was not well marked, and that more general interchange the 
faunas was possible. any cases the present distribution are 
traced back this time, there are very few them, and the 
majority the cases, chiefly the Najades, does not show any 
evidence this. This means say that probably the bulk the 
Najad-fauna the Appalachian River systems not older than the 
Cretaceous time, probably largely Postcretaceous. 

This important conclusion view the fact that know 
from fossil remains that Najades existed North America 
Jurassic time and possibly even earlier. But should noted that 
these fossils are known practically exclusively from the western 
parts the continent. This, however, cannot followed any 
farther, since would lead too far away fromour present purpose. 

While thus the western fauna could not cross the Alleghenian 
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barrier, further have noticed the fact that forms distinctly 
unit from the upper Allegheny River least Licking River 
Kentucky. hardly necessary discuss this, since the present 
conditions sufficiently explain this uniformity; all these rivers, run- 
ning westward, are united into one master stream, the Ohio. Also 
the system the Tennessee, which has much common with the 
Ohio, finally unites with this river. 

However, when come study the origin this fauna and 
consider the fact that the Ohio drainage its present form 
modern feature our hydrography, have ask the question, 
what the old conditions were? 

There hardly any doubt that the uniform Najad-fauna the 
upper Ohio basin is, its origin, connected with the origin the 
Ohio River, that say, that not older than the Glacial time, 
probably largely Postglacial. The fact brought out above, that from 
the upper Allegheny downstream this fauna becomes richer, and 
that the number species increases steadily farther down (from 
makes certain that the center dispersal this fauna was the 
region the lower Ohio, probably also including the Tennessee 
system, and that this fauna migrated upstream Glacial and Post- 
glacial times soon the present Ohio was formed, depauperating 
gradually the direction toward the headwaters. 


Fact (a). 


The fauna the upper Tennessee very strongly marked. 
Nevertheless shows distinct affinities the Ohio fauna. have 
studied only very small part it, and well known that farther 
down the Tennessee and also the Cumberland River drainage, 
this fauna becomes still richer. 

Without closer and more exhausting study this fauna 
impossible express any definite ideas the origin it. Thus 
have dismiss this topic here and sufficient say that prob- 
ably this fauna represents the common ancient stock, and the great 
center radiation, not only the interior basin fauna, but also 
that the Atlantic slope and the Gulf region. That the 
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River fauna probably branch this fauna has been indicated, 
and the migration was this case from the lower Ohio upstream. 
The question remains whether the upper Ohio received also elements 
from the upper Tennessee another route, and this question sug- 
gested the fact that the headwaters Clinch and Holston rivers 
the one side and those Big Sandy and New River approach 
each other very closely and frequently interlock the mountains. 
known (see Campbell, 1896, 670) that the headwaters 
the Big Sandy are preparing capture the headwaters Clinch 
River Tazewell Co., Va., region where the latter river has 
rich and characteristic fauna. The Big Sandy tributaries have 
already reached the valley limestone and may have already deflected 
some the smaller tributaries the Clinch. the Najad-fauna 
the Big Sandy (see 309) there evidence for this. But the 
fact that species Pl. unciale, common the 
Clinch and the Big Sandy, possibly supports this assumption. 
‘There also little evidence for communication between the 
upper Tennessee and New River except the existence the Pleu- 
rocerid-genus Anculosa both systems and the presence 
identical species crayfish, Cambarus longulus. two species 
Najades, which are common both systems, Elliptio dilatatus 
and Alasmidonta marginata, are without convincing value, since they 
are found all over the interior basin, and Elliptio dilatatus there 
surely quite different, dwarfed race the New River, while the 
Clinch contains the normal form. view the tremendous con- 
trast between the upper Tennessee and the New River faunas, 
not very likely that there was any extended migration any time 
across this divide, that there was any important shifting this 
divide. This accord with the general history these streams. 
According Campbell (1894, 110), the divide between New and 
Holston rivers narrow col characteristic for long-maintained 
divide, and Hayes 330) says that the headwaters the 
Tennessee, running generally over softer rocks, had tendency 
encroach northeastward upon the upper Kanawha system, but that 
this tendency was counterbalanced the fact that New River also 
cut its own channel deeply into the (harder) rocks its own trans- 
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verse there was any stream piracy the past would 
have been the Tennessee, which had the advantage over the New 
River, that the latter could not receive anything from the former. 

This seems supported the general character the fauna. 
The two cases mentioned above (Anculosa and Cambarus longulus) 
will taken again further below. 


Fact I., (b). 


The main fauna the Ohio reaches, have seen, the 
Kanawha and the mountain tributaries the Monongahela only 
the lower end the falls-line, marked canyon. clear 
that here the upward migration the Ohio fauna checked the 
physiographical character these The upper Allegheny 
and its tributaries are Plateau streams, originating upon the Alle- 
gheny Plateau elevations about 2,000 feet (see pl. XIII, fig. 1), 
and the West Fork River the Monongahela falls into the same class 
(see pl. XIII, fig. 2), and these streams the fauna goes way 
But the case the tributaries the Monongahela, Youghiogheny, 
Cheat, Tygart, and also New River (including Greenbrier) the 
Kanawha system, the sources are mountains 3,000 over 
4,000 feet elevation. These rivers have very steep grade, and 
certain region they all run through more less well developed 
canyon. The lower end this canyon forms the upper boundary 
the Ohio River fauna the Youghiogheny Connelsville, Pa., 
the Cheat Mont Chateau, Va., the Tygart Grafton, 
Va., the New River Kanawha Falls, (Compare our 
profiles, Pl. fig. and Pl. XIV., fig. 1.) 

have regard ecological fact among the Najades 
(and some other freshwater Mollusks, for instance, the genus Pleu- 
rocera), well the river-crayfishes (Ortmann, 1906, 412), 
that they not like rough water and unstable, shifting bottom. 
The canyons the falls-line these rivers are, next their upper- 

course, exceptional cases, where single species have found way 
and through the canyon, may disregarded. Such are the cases Quad- 


rula tuberculata and Rotundaria tuberculata the New River Hinton, and 
probably also Symphynota costata the Tygart Elkins. 
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most headwaters, the roughest parts them, charactetized firm 
bedrock bottom covered with loose stones and boulders, often shift- 
ing, chiefly during flood stages. Such conditions are entirely unfa- 
vorable crayfishes and Najades (the latter generally demanding 
sand and gravel, which firmly packed), and thus have here 
ecological barrier the upstream migration the Ohio fauna, 
which absent, for instance, the upper Allegheny. 

The fact that this fauna here checked modern physio- 
graphical feature confirms the assumption that the upstream migra- 
tion falls rather recent (Glacial and Postglacial) time. 

Excepting these mountain streams just discussed, the uniform 
Postglacial upper Ohio fauna comprises all the headwaters the 
Ohio (Allegheny and Monongahela), and further all the tributaries 
West Virginia; also the fauna the Big Sandy belongs undoubt- 
edly here, and know that this river once was closely connected 
with the Old Kanawha River (Tight, 1903), and that its history was 
similar that the other rivers, which are ancestral the upper 
Ohio system. This somewhat different the case Licking 
River Kentucky. Leverett (1902, unites this river with 
the Preglacial lower Ohio (and with the Kentucky, Cumberland and 
Tennessee rivers). this correct, should expect this river 
the Tennessee-Cumberland fauna; but there trace 
and the Licking fauna entirely the same character that 
the rest the upper Ohio, far concerns the Najades. 
Pleuroceride new species turns here, but this material too 
unsatisfactory. But the other hand peculiar crayfish found 
the Licking, Cambarus rusticus, which distinctly points the 
west. But since also Monongahela and Kanawha are characterized 
different (although closely allied) species crayfishes, Licking 
River also this particular falls line with these other streams. 

The physiographical evidence with regard the history Lick- 

*See 309. The fauna not completely known, but according 
collections, only one species turns up, which absent other parts the 
upper Ohio drainage discussed here: Anodontoides ferussacianus. All the 
rest typically upper Ohioan. also should noted, that one species, 


Lampsilis luteola, present here, which absent the Cumberland-Tennes- 
see fauna. 
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ing River yet obscure. have seen, Leverett unites with 
the Preglacial lower Ohio. But the fauna the river, especially 
the Najades, strongly points the fact that Licking River has 
similar history that the Kanawha and Monongahela, that 
say, that was Preglacial times northward flowing stream, 
which might have belonged the old Erigan River (see above, 
349), and that had connection with the lower Ohio and Ten- 
nessee-Cumberland. And indeed this the assumption made 
Tight (1903, see map, pl. 1), who gives the Licking and Kentucky 
rivers (under the name Cincinnati River) northward flow 
Preglacial times. 

Thus, this case, evidence favor Tight’s 
assumption, and this interesting instance, where 
contributes the solution physiographical 

have repeatedly emphasized, that the upper Ohio fauna 
unit, and rather uniform all over the terrritory occupies, with the 
only qualification, that slowly depauperates upstream direc- 
tion. This true, the first line, the Najades, but may 
correct also for certain Pleuroceride, least such forms which 
follow mainly the large rivers (certain species for 
instance, canaliculatum). But other groups, some minor dif- 
ferences within the upper Ohio fauna are noticed. Some evidence 
this seen the Pleuroceridae the smaller rivers, the Alle- 
gheny, Monongahela, Kanawha, Big Sandy and Licking, each 
which has different species and Goniobasis (provided 
such are present all). But these conditions require further study, 
chiefly with regard the affinities these forms. But inter- 
esting note, that seems that the conditions known exist among 
the crayfishes are duplicated here. 

the case the crayfishes, have pointed out (1906), that 
there are two different species the upper Ohio drainage, and that 

This should studied farther, chiefly with regard the additional 
question regarding Kentucky River: Tight’s and our view correct, Ken- 
tucky River should conform its fauna that Licking River and the 
upper Ohio general; belongs, however, the lower Ohio, should 


contain elements the Cumberlandian fauna. Unfortunately the Kentucky 
fauna practically unknown. 
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their distribution undoubtedly correlated with the old Preglacial 
drainage systems. Cambarus obscurus belongs the old Monon- 
gahela River, while propinquus sanborni indicates, its present 
distribution, the old Kanawha River. This theory has been fully 
confirmed subsequent investigations, which have shown that 
obscurus actually the river-species the Monongahela West 
Virginia, the headwaters the Plateau stream West Fork 
River, while the south this, the Kanawha, Big Kana- 
wha, Guyandot, and the corresponding part the Ohio proper, 
propinquus sanborni found. This latter form probably 
also the Big Sandy, and few smaller streams the west this 
Kentucky, all belonging the Old Kanawha Preglacial times. 

The additional information was obtained that Licking River 
another species found, rusticus. This means, that this river 
had more isolated position from the others Preglacial times, 
although belonging probably also the old Erigan drainage. 

While thus the Najad fauna the upper Ohio follows its 
distribution the modern features this river, and while are 
conclude, for this reason, that largely Postglacial, the crayfish 
fauna indicates Preglacial conditions. And further, seems that, 
among the have both elements represented, but, 
unfortunately, the natural affinities this group are yet too obscure 
permit any final conclusions. 


Fact (c). 


the headwaters region the mountain streams tributary 
the Monongahela and Kanawha, above the canyon, there generally 
section, where these rivers are less rough, and run more quietly 
elevated, often broad valleys (compare profiles, fig. pl. 
XIV., fig. has been said, the fauna these parts chiefly 
characterized the absence the common upper Ohio types. 
Nevertheless have small number forms here, which are 
more less characteristic. 

These forms are not uniformly present all these rivers, and 
their distribution may tabulated follows: 

Monongahela drainage— 
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Cheat: Anculosa dilatata. 
Tygart: Symphynota costata, Strophitus edentulus, Anculosa 
dilatata. 
Kanawha drainage— 
Greenbrier: Elliptio dilatatus, Symphynota tappaniana, Alas- 
midonta marginata, Anculosa dilatata, Cambarus longulus. 
New River: The same Greenbrier, and addition (at 
Hinton only) Quadrula tuberculata and Rotundaria tuber- 
culata. 

Two classes may distinguished among these: those which have 
relations the eastern side, and those which are represented 
there identical very closely related forms. The former are: 
Symphynota costata the Tygart, and Quadrula tuberculata, Ro- 
tundaria tuberculata, Elliptio dilatatus, and Alasmidonta marginata 
the upper Kanawha. These are species rather generally distrib- 
uted the upper Ohio region, and they probably belong this 
fauna, representing forms, which for certain special reasons, pos- 
sibly mere chance, were able ascend somewhat higher the 
mountain streams than the bulk the Ohio fauna. 

The other forms, Symphynota tappaniana, Strophitus edentulus, 
and the crayfish Cambarus longulus, are represented either side 
the divide the identical species, while the case Anculosa 
two extremely closely allied species, dilatata and carinata, are 
found west and east the divide. 

These latter facts are very interesting, and touch upon the ques- 
tion, whether and how was possible that certain forms fresh- 
water life were able cross the divide. For the present, shall 
only indicate this problem, but shall take again, when 
come speak the Atlantic forms, which are more less nearly 
related western ones (see below, under fact c). 

also should pointed out, that additional interesting ques- 
tion involved here. have seen, that the general Najad-fauna 
the Ohio, which goes the lower end the canyons, 
Postglacial age. This fact suggests, that also the falls line the 
canyons comparatively recent, and that marks last rejuvena- 


357 


358 ORTMANN—THE ALLEGHENIAN DIVIDE. [April 18, 
tion these streams consequence reélevation the coun- 
try. According Foshay (1890, 400) and others, this rejuvena- 
tion Postglacial age. Thus might expect find these 
upper parts the mountain streams, the remnants the fauna 
which existed these rivers Preglacial (Tertiary) times. have 
doubt, that least some these are Tertiary elements, and pos- 
sibly just those which are found either side the mountains 
might belong them. However, this fauna too fragmentary, 
sure about this, and quite evident, that also Tertiary 
times not the whole the fauna these rivers went near 
the headwaters. Thus have wait till additional evidence with 
regard the Tertiary fauna the headwaters the Erigan sys- 
tem 


Fact (a). 


has been seen, that there certain amount uniformity 
the Atlantic fauna, spite the fact that the Atlantic river sys- 
tems are quite isolated from each other. fact, most the At- 
lantic species are not restricted single drainage, but are found 
several, often practically all them. This means, that there 
there was the possibility intercommunication the 
faunas these rivers, and the question arises, how this was 
brought about. 

All these rivers, after having traversed the Piedmont Plateau, 
run for greater lesser distance through the Coastal Plain. This 
plain little elevated above sea-level, and consequently the rivers 
are sluggish here; there considerable deposition material this 
region, and great tendency toward change the river channels: 
the rivers are practically base-level. general rule, that 
country approaching base-level, the intercommunication neigh- 
boring rivers greatly facilitated (see Adams, 842), and 
that consequently wide distribution the fauna favored. 

The best evidence would fossil forms from the high river terraces. 
Such exist, but the remnants are too poorly preserved, any 
value. should also noticed, that there number species the 
upper Ohio drainage, which distinctly avoid the larger rivers: also these 
might elements the old Tertiary fauna. interesting, that several 


species the present fauna the mountain streams fall into this class, 
namely: Symphynota costata, Alasmidonta marginata, Strophitus edentulus. 
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There question that this one the factors, which has 
largely brought about the more less universal distribution the 
species the Atlantic slope, and has permitted their spreading from 
one river system into others, notwithstanding the contrary opinion 
Johnson (1905), who does not believe that “river captures” are. 
assumed this region, but that passive transportation accounts 
for the universal distribution certain Najades over the Atlantic 
slope. Indeed, not river capture the strict sense, which 
caused the present conditions, but what Adams (J. c.) calls removal 
country approaching base-level. This also prac- 
tically the opinion Simpson (1893, 354, footnote 2), when 
says, that shells may migrate from river river overflowed 
regions near the sea, times (We always must bear 
mind that the migration was the help fish, which carried the 
larve.) 

This lowland zone reaches all the way the coast New York 
state. But know, that certain times extended even farther 
north, when the continent stood higher elevation, and when the 
coastal plain was wider than present. must also consider, 
that other times the coast was more submerged than now, and 
that then also the Piedmont Plateau was more less base-level, 
offering the same conditions favorable migration the fauna. 

Moreover, have seen, that there was stream-capture the 
region the mountains, and that the northern rivers had tend- 
ency encroach upon the southern. This should have caused 
migration southern forms northward the mountain region, but 
not northern forms southward. There indeed evidence 
the fact, that forms with northern center dispersal (those 
falling under availed themselves, their southern disper- 
sal, the coastal route, for instance, Lampsilis radiata, cariosa, 
ochracea and Cambarus limosus, for they become more and more re- 
stricted the lowlands the southern parts their range. the 
other hand, those forms, which have more general distribution, 
also the mountain region, are chiefly southern their origin, 
for instance: Elliptio complanatus, Alasmidonta undulata, Gonio- 
basis virginica, and these may have availed themselves, their 
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northward dispersal, also stream piracy the mountains. 
few cases, the latter probably was the prime factor the dispersal, 
chiefly the case Anculosa carinata. 

Thus there difficulty admitting the possibility the dis- 
persal the Atlantic fauna over more less the whole region. 
The facts the distribution the Najades, well the Pleu- 
roceride, and the crayfishes support this assumption. But the 
other fact, that certain forms the Atlantic slope did not reach 
universal distribution, and were apparently obstructed their 
dispersal certain points, needs further discussion. This more 
difficult problem, but, far possible, will taken below. 


Fact (b). 


Aside from certain species (Najades: Elliptio fisherianus, Ano- 
donta cataracta and implicata, Eurynia nasuta, Lampsilis radiata, 
cariosa, ochracea, and the crayfish Cambarus blandingi), which are 
more less typically species the lowlands the great rivers, 
the fauna the Atlantic streams rather uniform, each sys- 
tem, from the Piedmont Plateau upward into the mountains, near 
the sources. (See list no. Najades, and also Goniobasis vir- 
ginica, Anculosa carinata, Cambarus limosus.) say, the 
fauna does not deteriorate, very little so, upstream direc- 
tion. This differs strikingly from the conditions the western 
side, where gradual decrease the number species toward 
the sources the rule, where even observe sudden disap- 
pearance species certain points the mountain streams. 

The explanation this fact found, believe, general 
physiographical character the Atlantic streams, which best ex- 
pressed their profile (see our profiles Pl. XIII., and Pl. XIV., 
fig. 1). see that the profiles the Atlantic streams are more 
nearly normal (Abbe, 1899, 61, fig course must dis- 
regard the falls line the eastern edge the Piedmont Plateau). 
This profile indicates comparative stability, with the slope steepest 
the headwaters, decreasing rapidly just below headwaters, and 
then gently farther down. These streams are more mature than 
those the western side. the eastern side, new cycles ero- 
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sion, rejuvenation, indicated falls rapids beginning some- 
where the lower parts, have had time work back the head- 
waters (the cycle being completed), while the western side these 
cycles, least some them, are not quite finished, and are indi- 
cated falls and rapids lying various distances below the head- 
waters (see profiles, Pl. XIII., fig. Pl. XIV., fig. 1). 

does not require any further discussion see that this dif- 
ference the eastern and western streams finally referred 
the different general slope the rivers, the former being short 
and more direct their course the sea, and thus working faster. 

The consequence is, that the aquatic life the lower sections 
the Atlantic streams finds congenial conditions near the head- 
waters, since the conditions are more nearly uniform all along the 
stream. Only close the headwaters, there rather sudden 
change, and here the fauna deteriorates also quite suddenly. 


Fact (a). 


have seen that differentiation elements within the At- 
lantic fauna indicated, and that first all, element 
clearly distinguishable. number belong here, the 
snail Goniobasis virginica, and two crayfishes, Cambarus blandingi 
and acuminatus (see 340). 

all these forms evident that they have their center 
radiation somewhere the southern section the Atlantic slope 
(Carolinas, Georgia), whence they migrated northward (see Simp- 
son, 337). But notice that the different forms have 
advanced northward different points. Some them spread all 
over the Atlantic slope, northward even beyond the section dis- 
cussed here; so, for instance, Elliptio complanatus, Alasmidonta 
undulata (possibly also Alasmidonta heterodon), which New 
Goniobasis virginica has reached the state New York, 
and Cambarus blandingi (restricted the lowlands) has reached 
middle New Jersey. 

Others not far. Elliptio fisherianus, lowland form, 
goes northward the lower Delaware; Elliptio productus the 
Potomac; Elliptio lanceolatus and Cambarus acuminatus the 
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Rappahannock Lexingtonia subplana, Alasmidonta collina, Eurynia 
constricta the James; and Goniobasis symmetrica the Roanoke. 

This peculiar fact, that the southern elements the Atlantic 
fauna have advanced different distances northward, hard 
explain. The general tendency migrate northward understood 
what has been said under but the question remains, why 
certain forms have been unable far others. 

part, believe, this may explained the ecological prefer- 
ences the single species, and comparison few them will 
show what mean. Elliptio complanatus ubiquitous, and 
able live under great variety environmental conditions. 
consequently had the best chance spread north, and actually has 
the widest range all. fisherianus typical lowland 
species, and has used the easy way over the coastal plain, and has 
succeeded going farther north than the two allied species, pro- 
ductus and lanceolatus, which, far can judge, are rather up- 
land species, which could not avail themselves much the op- 
portunities offered the lowlands; they very likely depended more 
stream capture within the mountains, which naturally was slower 
and more difficult way dispersal. Probably this holds good also 
the cases Cambarus blandingi and acuminatus; the former 
lowland species and has reached farther north than the latter, 
which seems upland species. 

This, however, only suggestion. Our knowledge the 
actual distribution, and also the ecological habits these forms 
not satisfactory enough draw positive conclusions. 

also possible, that the special history these forms, chiefly 
with regard their geological age, plays part this, and might 
that the oldest forms had the best chance obtain the widest 
range. This might correct the case Elliptio complanatus, 
while rather recent type, Eurynia constricta, has stopped rather 
far south. But this surely general explanation, seen 
the case Lexingtonia subplana, primitive type, which did not 
farther north than Eurynia constricta. 

This question should taken connection with more 
detailed study the origin and the distribution the southern At- 
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lantic element, and this problem correlated with the Tennessee- 
Coosa problem, and the connection the Tennessee fauna with the 
southern and southeastern drainage systems the Appalachians. 
can solved only after much more extended investigations the 
Gulf and Atlantic streams from Alabama the Carolinas. 

This much sure, that the existence this southern element 
the Atlantic fauna well established. Simpson (1893, 355) 
already has indicated clearly, and that probably connected with 
the fauna the interior basin around the southern extremity the 
Appalachians (see also Ortmann, 1905, 124). This center forms 
part Adams’ (1902 and 1905) great southeastern center, but 
probably rather sharply separated, and rather old subdivision 
it. had, with regard aquatic life, northward route dis- 
persal, not only Postglacial, but also Preglacial times, the 
Atlantic slope. This route has been admitted Adams (1905) for 
land-forms, but has not been mentioned 63) for aquatic 
forms. 


Fact (b). 


Another element the Atlantic fauna seems have its center 
the north (from Pennsylvania and New Jersey northward). The 
following Najades belong here: Anodonta cataracta, Anodonta im- 
plicata, Alasmidonta varicosa, radiata, Lampsilis cariosa, 
Lampsilis and the crayfish: Cambarus limosus. All 
these forms have common, that they are most abundant north- 
ward, and advance southward either not all (Anodonta 
cata), chiefly the coastal plain. Only Alasmidonta varicosa 
seems more universal its distribution the Atlantic side. 
Lampsilis ochracea form the lowlands (estuaries). Lamp- 
silis radiata and cariosa, and apparently also Anodonta cataracta 
have rather wide distribution Pennsylvania, but southward they 
seem occupy only narrow belt the coastal plain. The same 
true Cambarus limosus. However, our knowledge the dis- 
tribution these forms the lowlands Virginia, and southward, 
rather unsatisfactory, but the fact undeniable that, while these 


Margaritana margaritifera and Eurynia nasuta resemble these de- 
gree, but, shall see below, are peculiar other respects. 
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latter three forms are found Pennsylvania way into the moun- 
tain region the Susquehanna, they are missing west Blue 
Ridge the James, and Roanoke. This fact, that the 
southward range some these forms falls largely within the 
coastal plain, where there were special advantages for migration, 
corroborative evidence for their northern origin: they were first 
and originally present the northern section the Atlantic slope, 
where they had, consequence the longer time elapsed, better 
chance spread upstream. 

have treated the origin the distribution member 
this northern fauna, Cambarus limosus, former publication 
(Ortmann, 1906, have pointed out, that this species 
well marked, but possesses allied forms the interior basin, and 
have not the slightest doubt that the Najades enumerated above 
fall under the same head, and that the origin their distribution 
explained similar way. Also these Najades are well 
defined species, but possess allied representatives the interior 
basin (see above 325). 

According the theory advanced for Cambarus limosus, these 
Najades came around the northern end the Appalachians, 
Preglacial times, way the Erigan River, which flew the gen- 
eral direction the present St. Lawrence. This river received the 
ancestral forms these species from the interior basin (more es- 
pecially from the lower Ohio and Tennessee drainage) some way, 
which present not fully understood. But there serious 
obstacle the assumption this possibility account the prob- 
able numerous changes the drainage these parts. Having 
once reached the Atlantic coastal plain the mouth the Erigan 
River (region St. Lawrence Gulf and New Foundland), there 
was barrier their farther dispersal southward, chiefly since the 
coastal plain, know, extended certain times further sea- 
ward. This dispersal was first along the coast, but several these 
forms migrated thence upstream the various rivers the Atlan- 
tic side. 

limosus found here and there the upper Potomac, but prob- 


ably reached these parts only recently the aid the Chesapeake-Ohio 
Canal. 
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The southward migration was unequal, but the causes this 
are not very clear, but might compared with the similar phenom- 
enon the case the southern elements. 

When the Glacial period set in, the ice coming from the north 
separated the eastern range these forms from that the west- 
ern side. segregation was thus effected, and this in- 
duced differentiation into species. The final consequence is, that the 
Atlantic forms developed into well marked species, which have 
rather young age (Glacial), and still are closely allied correspond- 
ing forms the interior basin. Postglacial times, after the ice 
had disappeared, reaction, northward migration set in, and these 
species reoccupied good deal the territory lost Glacial times. 
this advance they were accompanied certain southern types, 
which also invaded the glaciated area (Elliptio complanatus, Alas- 
midonta undulata). 

Thus the origin and the history this part the Atlantic fauna 
appears rather clear. The most interesting fact is, that the case 
Cambarus limosus has number parallel cases among the Na- 
jades. element the Atlantic Najad-fauna, however, has 
been recognized already Simpson 337), who also 
explains its origin migration around the northern end the 
Appalachians. 

Considering the two elements together, the northern and the 
southern, and the fact that the species belonging them migrated 
various extents south north, obtain satisfactory explana- 
tion the fact, mentioned above (p. 315, 318), that the Susquehanna, 
and also the Potomac, fall short, the number species, the 
rivers both the north (Delaware) and south (James). Certain 
forms the northern fauna have not gone south beyond the Del- 
aware, and certain southern forms have not gone north beyond the 
James, and this leaves balance against the intermediate systems 
the Susquehanna and Potomac. the Susquehanna, this short- 
coming has been part supplemented indigenous form 
midonta marginata susquehanne), and the Potomac southern 
form (Elliptio productus). This peculiar condition point which 
very strongly speaks for our assumption two distributional cen- 
ters the Atlantic fauna, northern and southern. 
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Fact II., (c) 


There third group forms among the Atlantic fauna, which 
have for common character the fact that they are conspecific 
extremely closely allied western forms, and which show their 
distribution certain peculiar, but not quite uniform conditions. 
have seen (under I., 339, 357) that the corresponding western 
forms are part characteristic for the mountain streams tributary 
the Monongahela and Kanawha, that there the appearance, 
certain species had crossed the divide the Allegheny Moun- 
tains. remains investigated, whether such crossing the 
divide should admitted, and what the means were, which this 
was accomplished. 

Certain cases, however, should from the beginning, 
namely first all those, where passive migration transport 
probable possible. The Sphaeriide belong here, and also Campe- 
loma decisum. the whole character the distribution 
such, that does not appear follow drainage systems all, but 
goes across country, ‘suggesting exceptional means dispersal, such 
transportation birds etc. 

other cases, active migration across divides possible and 
probable: this concerns chiefly, have pointed out previous 
paper (Ortmann, 1906, 448), the crayfish Cambarus bartoni. 
This species, well the Spheriidide and Campeloma decisum, 
has rather universal distribution east and west the divide. 

And further, shall disregard here Cambarus spinosus and 
acuminatus, belonging the southern Appalachians, far 
concerns the distribution both sides the divide, and also 
Eurynia constricta and vanuxemensis fall into the same class. 

Thus there remain the following forms discussed here. 


Strophitus edentulus. 
Alasmidonta marginata and marg. susquehannae. 
Symphynota tappaniana. 
very recent cases, Cambarus obscurus and Lampsilis ventricosa 
(cohongoronta), the upper Potomac must entirely disregarded, for here 


artificial, although accidental and unintentional, transplantation has been 
effected human agency (see Ortmann, 
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Anculosa dilatata and carinata. 
Cambarus longulus. 


The peculiarities distribution each these cases have been 
shortly characterized above (p. 357) for the western side the 
mountains, and will remembered that none them are fully 
alike all particulars, although resembling each other degree. 
This also the eastern side. Thus best take them 
one one. 


Strophitus edentulus. 


This species has rather general distribution, but peculiar 
far one the two species Najades which alone are 
found the mountain-tributaries the Monongahela 
gheny and Tygart), while missing the upper Kanawha 
This forbids place this species simply with those 
which (like the Spheriide and Campeloma decisum) have uni- 
versal distribution east and west the divide. Indeed, the gen- 
eral distribution Strophitus, for instance Pennsylvania, might 
suggest that this form has exceptional means dispersal, and 


might transported from one drainage into But its 
absence the New River system speaks against this, for cannot 
imagine that any means (birds for instance), which would have 
been able carry this species across divides, should have carefully 
avoided the New River system. 

Strophitus edentulus form eminently characteristic for small 
streams, and rare missing large rivers. the upper Alle- 


This negative statement might doubted. But the four localities, 
where collected Najades (Ronceverte Greenbrier River; Hinton and 
Pearisburg New River; Wytheville Reed Creek), shells were abundant, 
and every case hunted for this species, examining carefully also dead 
shells lying around; but trace Strophitus was discovered. 

order bring out all facts, which possibly might have bearing 
upon this question, should mentioned, that Lefevre and Curtis (Science, 
33, 863, and Bull. Bur. Fish., (for 1910). 1912, 171) have recently 
discovered remarkable circumstance the life-history this species, dif- 
ferent from all other known Najades: the larvae (glochidia) Strophitus 
undergo their metamorphosis without parasitic stage fishes. For the 
present, however, could not tell how this could favor passive transport 
the young shell. But the fact should kept mind. 

PROC. AMER. PHIL. SOC., 210 PRINTED JULY II, 1913. 
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gheny drainage goes way into the the 
upper Youghiogheny and the upper Tygart and Buckhannon 
rivers. Thus closely approaches the divide the whole northern 
section the upper Ohio drainage. the eastern side, also 
found close the divide the Susquehanna, Potomac, James, 
and Roanoke The eastern and western ranges are 
consequently rather close contact along the northern part 
the Alleghenian divide, from the uppermost Allegheny River the 
region the headwaters the Monongahela, Potomac and James. 
But the close approach most marked central Pennsylvania, 
Cambria, Indiana, and Westmoreland counties. Here this species 
common all small streams running east and west from the 
divide, and, for instance, the locality Cush-Cushion Creek, be- 
longing the Susquehanna, not more than twenty twenty-five 
miles from the nearest localities the Allegheny drainage (Creek- 
side, Homer, 

This just the region where the Susquehanna drainage has 
largely encroached upon the drainage the Allegheny River, and 
where stream capture has taken place. Although Davis 
248) believes that this was accomplished chiefly Pretertiary times, 
there objection the assumption that lesser degree this 
process continued the headwaters also during the Tertiary, fact, 
culty imagining that with the waters part the fauna the 
western streams was taken over into the eastern drainage, and since 
Strophitus inhabits these smaller western streams, might thus have 
crossed the divide, this region, the help stream capture. 

Cr., Smethport, McKean Co.; Little Mahoning Cr., Goodville, 
Indiana Co.; Crooked Cr., Creekside, Indiana Co.; Yellow Cr., Homer, In- 
diana Co.; Blacklegs Cr., Saltsburg, Indiana Co.; Beaver Run, Delmont, 
Westmoreland Co.; Loyalhanna Riv., Ligonier, Westmoreland Co.; Quema- 
honing Cr., Stanton’s Mill, Somerset Co.; all Pa. 

instance: the system the Susquehanna: Cush-Cushion Cr., 
Greene Twp., Indiana Co.; Chest Cr., Patton, Cambria Co.; Swartz Run, Ash- 
ville, Cambria Co.; Beaver Dam Cr., Flinton, Cambria Co.; Raystown Branch 
Juniata Riv., Everett and Mt. Dallas, Bedford Co.; all Pa.; South Branch 
Potomac Riv., Romney, Hampshire Va.; James drainage: Calf 


Pasture Riv., Goshen, Rockbridge Co., Va.; Roanoke drainage: Mason Cr., 
Salem, Roanoke Co., Va. 
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course, this presupposes that the original home this form 
was the interior drainage basin. But hardly think that this 
could have been otherwise, account the tremenduous range 
Strophitus edentulus the west, and have seen that the 
Atlantic slope probably never has been important center de- 
velopment. Strophitus differs from all the other elements the 
Atlantic fauna (discussed far) the fact that the identical 
species found either side the mountains. Thus improb- 
able that had similar history that the other forms (the 
northern and southern elements) the Atlantic fauna, and are 
forced assume special explanation its distribution. think, 
that the evidence introduced above favors the theory, that actually 
crossed the divide the help stream capture, other words, 
the shifting the divide, and that this probably took place 
the region the headwaters the West Branch Susquehanna. 
might have happened might have happened repeatedly 
but the region indicated the most likely. After having once (or 
repeatedly) crossed, this species spread over the Atlantic slope, both 
north and south, and occupies now the whole it, from Virginia 


New England (exact data from Virginia southward are lacking). 
This course, was accomplished the same means the 
other members the Atlantic fauna, and not astonishing since 
this species not only upon the Piedmont Plateau, but also the 
Coastal 


Further details cannot given, and chiefly impossible fix 
the geological time when Strophitus crossed the mountains. 
has been said, possibly this happened repeatedly, presumably the 
Tertiary, and may have happened even More information 
its southern range may furnish additional evidence, and con- 
firm the view that the crossing the divide was effected the 
northern section the Alleghenies, and not the south. pres- 

found Delaware River, Penns Manor, Bucks Co., Pa. Its dis- 
tribution upon the Coastal Plain yet incompletely known, but seems 
represented there least local (or ecological?) form, Strophitus un- 
dulatus. 


present, this species has continuous range from West East 
the state New York, and this, course, belongs the Postglacial time. 
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ent, the absence the New River system the most important 
fact which speaks for the assumption made above. 


Alasmidonta marginata and Alasmidonta marginata susquehanne. 


The typical western Alasmidonta marginata has wide distribu- 
tion the interior basin, and the Allegheny Mountains goes 
into the headwaters the Holston, Clinch, into New River, and 
into the uppermost Allegheny River, but not found the head- 
waters the mountain-tributaries the Monongahela (although 
immediately below the canyon the Cheat). the upper 
Allegheny, goes, like Strophitus, into very small and 
general species characteristic for smaller streams, avoiding 
large rivers. 

the Atlantic side, represented two forms. The one 
Alasmidonta varicosa, closely allied, but nevertheless sharply 
distinct species, which has been discussed above (p. 363 f.) together 
with those forms constituting the northern element the Atlantic 
fauna, which migrated, Preglacial times, around the northern end 
the Appalachian chain. 

But there second representative the Atlantic side, which 
has been hitherto overlooked, and which have called Alasmidonta 
marginata which stands much closer the western 
form, fact, very hard distinguish from it. This form re- 
stricted the Susquehanna drainage Pennsylvania and New York, 
and found frequently associated with varicosa, but always 
perfectly distinct from it. 

seems, according the material hand, that Alasmidonta 
marginata susquehanne has its metropolis the River and 
the part the Susquehanna central Pennsylvania, which below 
the junction the west and north branches. has not been 
found the west branch and its tributaries (although Al. varicosa 
there), but should consider that the fauna this branch 
poorly known, and that has been largely destroyed pollution 
from mine waters. 

Allegheny River, Larabee, McKean Co.; Little Mahoning Creek, Good- 


ville, Indiana Co.; Loyalhanna River,, Ligonier, Westmoreland Co.; Quema- 
honing Creek, Stanton’s Mill, Somerset Co.; all Pa. 
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the localization its eastern range, this form differs from 
Strophitus. But just this fact points connection across the 
divide with the western range marginata. This comes up, 
the western side, close the divide, and although the corresponding 
form not known from the West Branch Susquehanna, the dis- 
tribution the eastern side suggests that must have crossed the 
divide this general region, presumably consequence stream 
capture. This the more probable, since the western race Al. 
marginata found the headwaters the Allegheny Indiana, 
Westmoreland, and Somerset Cos., Pa., approaches the Susque- 
hanna-form much more closely than the typical marginata, found, 
for instance, the Beaver drainage. 

This leads consider this parallel case that Stroph- 
itus edentulus. Alasmidonta marginata crossed the divide similar 
means and about the same region Strophitus; but there the 
difference that did not spread beyond the Susquehanna drainage, 
This may explained the assumption that this crossing, the 
case Alasmidonta, falls into later time. 

course, this explanation only tentative, but according our 
present knowledge, the only possible one. The fact the 
restriction Al. marginata susquehanne the Susquehanna drain- 
age the greatest weight for our argument, since cannot 
imagine that this form reached its present area any other way. 


Symphynota tappaniana. 

shortly ago, this species was known only from the Atlantic 
slope, where has wide distribution from New England Vir- 
ginia (allied species are North and South Carolina). account 
its relation the western compressa, appeared fall into 
the group which has been designated the northern element the 
Atlantic fauna (indeed, Simpson, places there). But after 
discovered that this species also found the western drainage, 
but only the upper Kanawha system (Greenbrier and New 
rivers), where extremely abundant, fact the prevailing form 
Najad-life, the history must different. 

Its general distribution the east, and its localization the 
west, might suggest that have here case like that Alasmi- 
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donta marginata, but reversed, and that the original range was the 
east side, and that the upper Kanawha received from the east, 
probably stream capture, since transport over land not very 
likely account the improbability that birds (or other crea- 
tures) carried this species only into the Kanawha, and refused 
into other western 

But have seen above, not probable that the upper 
Kanawha has captured any streams the eastern drainage, but 
rather the reverse true (above, 346f.). The present course 
New River represents most nearly the ancient drainage features, 
while the eastern streams (Roanoke, James and possibly also Po- 
tomac) have captured sections the old New River and Greenbrier 
system. New River runs within the mountains distinctly 
higher level than most the other streams which have cut much 
more deeply into the Cretaceous base-level, and thus had better 
chance capture parts New River, than vice versa (see Pl. XIV., 
fig. 1). 

This induces assume that Symphynota tappaniana origi- 


nally was local form the New River drainage, developed prob- 
ably out the western compressa ecological mountain- 
form. this case strange that the range compressa does 
not come very near that tappaniana, but this may due 


There is, however, one fact favor this assumption. tappaniana 
one the few cases hermaphroditism known Najades. grant, 
that rare cases, specimens have been transported, must admit the pos- 
sibility that new stream might have become stocked with this species, the 
transplantation single individual. But then again, not know, 
whether self-fertilization occurs here. mention this here, bring out all 
possible arguments. 

The nearest place known for compressa, is. Kanawha 
River, where very rare, and also this locality isolated. Forms like 
compressa and tappaniana seem absent the upper Tennessee 
drainage, but the latter Symphynota holstonia (which not Alasmi- 
donta), and very doubtful, incompletely known species, quadrata (Lea), 
which has certain external resemblance tappaniana, but may any- 
thing. holstonia surely not closely related tappaniana, for has 
lateral hinge-teeth. remains seen, whether there are any related 
forms the upper Tennessee, which, when present, might suggest, that New 
River received its species from the Tennessee. 
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After tappaniana had reached the James drainage (it has not 
been found the Roanoke, but only the headwaters this are 
known), had chance spread the Atlantic side and attain 
its present wide range, exactly the majority the Atlantic forms, 
favored the same causes. always remains small-creek-form, 
but just these small creeks the best opportunities were given 
cross from one system into the other. 


Anculosa dilatata and carinata. 


Anculosa carinata the Atlantic form and known from 
the Roanoke the Susquehanna, where goes into New York 
state. this restriction (not being found the Delaware and be- 
yond) different from trophitus and Symphynota tappaniana, 
which New England. West the divide have Anculosa 
dilatata, first all the same region where Symphynota tappaniana 
found (Greenbrier and New but addition also 
the upper Monongahela drainage, Tygart and Cheat rivers; 
the latter goes down below the canyon, far Cheat Haven, 
Fayette Co., Pa., and further found West Fork River. Re- 
markably enough, absolutely absent the upper Youghiogheny, 
although the conditions appear favorable for it. 

With exception these localities the Monongahela drainage, 
the distribution fairly well agrees with that Symphynota tap- 
paniana, and make mistake advance the same expla- 
nation for it: stream capture the part certain Atlantic streams 
(Roanoke and James), which robbed the water and the fauna 
certain parts the old New River drainage. Thus only the pres- 
ence this form the Tygart and Cheat needs explanation; into 
West Fork River undoubtedly got from the Tygart. 

The headwaters these rivers interlock very complex way 
Pocahontas and Randolph Cos., Va. (see Pl. XII.), and there 
objection genera! principles assume that there has been 
intercommunication these rivers stream capture. But condi- 
tions are rather obscure this region and have been little inves- 
tigated from physiographical standpoint that practically im- 
possible draw any positive conclusions the history the 
development the headwaters these systems. 


7 
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But highly interesting notice that the distribution Ancu- 
losa dilatata the Greenbrier one side, and the Tygart and 
Cheat the other, points stream capture this region, and the 
theory suggested that the Monongahela drainage encroached upon 
and robbed the Greenbrier drainage. The opposite way not pos- 
sible account the limitation this form northward, and this 
also speaks against the possibility passive transport. this as- 
sumption correct, also explains the fact that the Youghiogheny, 
which also heads the same general region, did not receive this 
species. The upper Youghiogheny flows high synclinal valley, 
more nearly old consequent river than, for instance, the upper 
Cheat, which has cut down below the level the upper Yough- 
Thus impossible that the latter ever robbed the Cheat, 
capturing its fauna; rather the opposite has happened, and probably 
happening now. 

The Atlantic form, Anculosa carinata, after having reached the 
Roanoke and James, and after having become established the 
eastern side, had the same tendency spread the rest the 
Atlantic forms. But did not far many others, reaching 
only the Susquehanna drainage. this case northward migration 
probably was due the crossing over divides (by stream capture) 
the mountain region. Anculosa shell characteristic for rough 
water mountain streams and goes possibly farther than any 
other the forms discussed here. the lowlands, has never 
been found, and also less frequent the Piedmont section 
the streams, although present there. Thus its migration very likely 
took place chiefly within the mountains, and think that its limited 
range northward due this fact. 

The genus Anculosa represented the uppermost Tennessee 
drainage the species Anculosa gibbosa, which certain 
degree related the dilatata-carinata-group. fact, the Tennessee 
drainage the only other region where relations this are found. 
This makes clear that New River must have received its Anculosa- 
stock from the upper Tennessee. hard say how this was 
accomplished. have seen (p. 352 f.) that stream capture was rare 
this region; any rate, there was any, was rather the 
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opposite direction. might have been cases where 
the headwater region smaller streams have been deflected from 
the Holston Clinch the New River, and since Anculosa 
abundant small-creek-type, might thus have managed get across. 
But this case also transportation considered possible 
means, since many the headwaters originate the same longi- 
tudinal valleys, and come very close each other without sharp 
barriers between them. But the fact that the species the two 
systems are sharply distinct speaks against this, for transport 
had been possible once, should have been possible repeatedly, 
which would have prevented specific isolation. 


Cambarus longulus. 


The distribution this species again agrees, general way, 
with that Symphynota tappaniana and Anculosa, but rather 
more restricted either side. 

extremely common the whole Greenbrier and New River 
drainages. also found the upper Tennessee. the eastern 
side common the James drainage, but has not been found 
the Roanoke, and besides, has been reported from the uppermost 
Shenandoah (Waynesboro, Augusta Co., Va.). Farther north, chiefly 
the rest the Potomac drainage, positively absent, and also 
the west side does not into the upper Monongahela system 
(as Anculosa does). 

Its presence New River and Tennessee forms which are spe- 
cifically identical shows closer connection these two faunas 
than any the previous cases. have seen that Cambarus 
bartoni, closely allied species, general distribution very likely 
due active passive migration across divides. This might 
true also here. But Cambarus longulus differs from bartoni 
its ecological habits, inhabiting preferably larger mountain streams, 
and not the smallest headwaters even springs, bartoni does. 
For all practical purposes may compare longulus with Ancu- 
losa, and whatever the means were which permitted Anculosa get 
from the Tennessee into the New River, might have worked well 
the case this crayfish. Having reached the New and Green- 
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brier, did not beyond this drainage the western side and 
did not reach upper Tygart and Cheat Anculosa did. The rea- 
sons for this well for the fact that did not become specifically 
distinct New River are unknown for the present, but probably 
they are found difference the time migration from 
that Anculosa. 

From New River, got into James River the same 
means Symphynota tappaniana and Anculosa, e., stream 
capture. did not get out this drainage except one place, 
the uppermost Shenandoah. This probably connected with 
the stream piracy committed the Shenandoah all along its present 
valley (see above, 347). Just Waynesboro there wind gap 
the Blue Ridge, Rockfish Gap, which undoubtedly once served 
outlet for tributary the James River (Rockfish Creek 
Mechum River), which was beheaded the Shenandoah exactly 
was Beaverdam Creek Snickers Gap (Davis, 1891, 576). 

The question remains, why did not spread over the 
rest the Shenandoah and Potomac drainage. This may due 
ecological causes. The species may not find farther down the 
Shenandoah congenial environment. Where found longulus 
the water was always rough and full rocks, and the lower Shen- 
andoah, although means sluggish river, has considerable 
quiet stretches. also found this species generally elevations 
higher than the Shenandoah the average. This would correspond 
degree the conditions seen bartoni, which also spe- 
cies avoiding larger streams and quiet water. 

Taking these last three cases together, Symphynota tappaniana, 
Anculosa, and Cambarus longulus, seen that, although they 
differ particulars, they fall under one general head, and that very 
likely similar causes were working effect their distribution. Dis- 
regarding Strophitus and Alasmidonta, which probably crossed the 
divide farther north, they are the only cases where freshwater forms 
seem have crossed the Allegheny divide its central parts, prob- 
ably the help stream capture. 

The total number such cases very small compared with the 
numerous cases which follow the general rule, that the Allegheny 
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Mountains have formed and are forming sharp barrier between 
the western and eastern fauna. But this exactly what was 
expected, for the distribution freshwater animals primarily 
governed the conformation the drainage systems and their 
boundaries, provided there are exceptional means dispersal 
which permit transport migration over land. 


SPECIAL CASES. 


far have attempted explain those cases which submitted 
classification such has been given above (Chapter pp. 
338-341). But perusing the end Chapter (pp. 324, 325), see 
that not all forms have been treated and that there are among the 
Najades least three others which show special features. These 
are: Margaritana margaritifera, Eurynia constricta, Eurynia 

may pass over Eurynia constricta with few words. This 
species belongs undoubtedly the southern element the Atlantic 
fauna, and has been treated with above. The peculiarity this 
case that has extremely closely allied species the head- 
waters the Holston (and elsewhere the Tennessee drainage). 
might possible that here have evidence direct crossing 
from the Holston into the Atlantic drainage. But far 
know, the two species not come close contact with each other 
the region investigated, and there any contact some- 
where else, probably the southern Appalachians, and this case 
thus would belong the Tennessee-Coosa problem. should 
added that probably also two crayfishes fall into the same class, 
Cambarus acuminatus and spinosus. 

The other two cases must treated separately, each forming 
class itself. 


Margaritana margaritifera. 


our region this species found exclusively the upper 
drainage Pennsylvania (Schuylkill Co.). This the 
only locality known outside (to the south) the terminal Moraine. 
Farther the northeast, within the Glacial area, New York and 
New England, and all the way New Foundland, this species 
rather abundant. addition, found (in somewhat different 
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form) northwestern North America and absolutely the same 
form Iceland and parts Europe and Asia. The distributional 
facts have been summarized Walker (1910), and the origin 
the distribution draws the conclusion (/. 139) that the 
presence this species northeastern North America best ex- 
plained the assumption that immigrated, probably late 
Tertiary times, from Europe land-bridge over Iceland and 
Greenland. 

accept this fully. Also the idea Walker, that the Glacial 
epoch restricted the range this species, must accepted. 
fact, are regard the present station Pennsylvania the last 
remnant the Glacial refugium this species, just front the 
terminal Moraine. Here survived and the present distribution 
largely Postglacial re-occupation lost territory,** and this 
fully agrees with the other Atlantic forms, chiefly the northern ele- 
ment. differs, however, from the latter its ecological prefer- 
Margaritana form cold water and averse limestone. 

Thus evident that stranger among the other 
Najades the Atlantic side, fact, element the North 
American fauna which stands itself and has been subject en- 
tirely different laws its distribution. true, there shell 
the interior basin which allied it, but only remotely so, be- 
longing another genus: Cumberlandia monodonta (Say). Another 
one Margaritana hembeli (Conrad) from southern Alabama and 
Both these not seem have any direct genetic 
connection with margaritifera and are probably relics former 
more general distribution this most primitive and archaic group 
Najades, undoubtedly reaching back their history far beyond 
the other Najades and far into Mesozoic times. 


Eurynia nasuta. 
the Atlantic side this species found from the Delaware 


doubtful, whether all the present range was regained from this 
Pennsylvanian stock; quite possible, that there were other refugia, sit- 
uated the former seaward extension the present coast. The Pennsyl- 
vanian refugium the only one, which has been positively ascertained. 

The called Margaritana decumbens (Lea) Alabama ex- 
tremely doubtful form every respect (see Walker, c., 128). 
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River estuary northward, and goes probably little farther south 
the Coastal Plain into Virginia. this distribution would 
agree very well with the northern stock the Atlantic fauna. But 
differs from the members belonging this that has repre- 
sentative species the upper Ohio basin. found 
the western side the Alleghenies and widely distributed the 
lake drainage, chiefly Lake Erie and the state Michigan, and 
absolutely the same form that found there. The fact that 
these ranges are not disconnected, but appear rather continuous 
across the state New York and the known localities follow 
general way the line the present Erie canal from Buffalo the 
Hudson River This region lies outside the scope the 
present paper, but should mentioned here that there are other 
western species Najades which follow the same line dispersal 
eastward from the St. Lawrence drainage Hudson River. 
very likely that Eurynia nasuta belongs this group, and prob- 
ably the one them which has reached modern times the 
widest dispersal upon the Atlantic side. Its western origin con- 
firmed the fact that the only species allied it, Eurynia sub- 
rostrata (Say), western and found the central and western 
parts the interior basin large, quiet rivers, ponds and lakes, 
avoiding rough water and strong current. For this reason, prob- 
ably, not found the upper Ohio drainage. This species has 
crossed somewhere the region from northern northern 
Ohio into the lake drainage, developed there into the species nasuta, 
which then spread eastward, following the quiet waters the lakes 
and those the canal till reached the estuary the Hudson. 
Thence had difficulty spread farther over the Coastal Plain 
and reached across New the lower Delaware, and even be- 
yond. Alsoonthe Atlantic side preserves its preference for lakes, 
estuaries, canals, etc., that say, for quiet water. 

thus are regard Eurynia nasuta quite recent immi- 
grant the Atlantic drainage, belonging surely the Postglacial 
time, and this immigration might have been completed even the 


present, for instance, the Delaware-Raritan canal Princeton, 
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help the modern, artificial canals. But, course, difficult 
decide positively whether canals have played necessary part 
this dispersal. This question should investigated connection 
with the other western forms, which have taken the route the 
Erie but this not our present object. 


The above studies would more complete the conclusions 
were supported paleontological evidence; had fossil rem- 
nants Najades other aquatic creatures which would give 
idea the faunas the two watersheds the past, chiefly 
during Tertiary times. very much regretted that prac- 
tically nothing known this line. 

There indeed famous locality, Fish House, Camden Co., 
New Jersey, opposite Philadelphia, which has yielded fossil Najades, 
probably belonging the Glacial time. These shells have been de- 
scribed and discussed Lea and chiefly Whitfield (Mon. 
Geol. Surv., 1885), and their geological age has been ascertained 
Woolman (Ann. Rep. Geol. Surv. (for 1896), 1897, 
201 ff.), Pilsbry (Pr. Ac. Philad., 1896, 567) and Simpson (Pr. 
Mus., 1895, 338). But for the present time these fossils 
are absolutely useless, because western affinities have been main- 
tained for these species, which surely not exist. The species 
have been identified mainly from casts, and Lea well Whitfield 
have indicated, the names given them, their supposed affinities 
western species. have taken the trouble making plaster 
casts the inside specimens the living species with which they 
have been correlated, and practically all cases became evident 
glance that there was similarity all. 

But this should the subject special paper. suffices here 
make the statement, first, that the number species described 
from this deposit (about dozen) should reduced not more 
than three four, and second, that there not single one which 
has distinct and unmistakable affinities any typical western species. 


q 
q 
q 
| 
q 
. 


ORTMANN—THE ALLEGHENIAN 


SUMMARY CONCLUSIONS. 


think that the present studies have demonstrated the funda- 
mental fact, that certain freshwater animals are apt furnish im- 
portant evidence for past conditions drainage their present 
distribution, while others are not. The most important the 
former are the Najades. There are many cases (not only our 
region) where indentical closely allied species are found dif- 
ferent drainage systems which have present direct water con- 
nection. Such cases are generally restricted limited, well-defined 
regions. 

our region have seen that such cases exist the mountains 
the section which has the upper New River for its center; but 
similar instances are known Pennsylvania, the headwaters 
the Susquehanna. 

This localisation the most important evidence against the 
assumption that passive transport over land has played part 
these cases: this was possible all, was factor 
considered, evidence for this should general. But just where 
might expect that transport should have worked all means, 
there evidence whatever for it. This most especially true 
the case the divide between the upper Tennessee drainage and 
that New River. Najades should able cross divides 
being transported, should have happened just here. Also the gen- 
eral condition the eastern and western fauna, its dissimilarity, 
shows that Najades were not transported across the mountains. 

Very likely the freshwater snails the family Pleuroceride 
submit the same general law the Najades and are important for 
the study the old drainage features. But they should further 
studied, chiefly with regard their actual distribution, their sys- 
tematics and relationships. Finally, some crayfishes the genus 
Cambarus are extremely valuable this respect, but unfortunately 
their number not great. 

The Allegheny system forms old and very well-marked 
boundary between aquatic animals inhabiting the interior basin and 
the Atlantic slope. This barrier may have been rendered insignifi- 
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cant certain times the past. But beginning with the Post- 
cretaceous elevation the country and the subsequent rejuvenation 
all drainage systems, this barrier has been emphasized again and 
persists the present time. 

The uniformity the fauna the upper Ohio basin 
character acquired Postglacial times, and has been shown that 
not only Big Sandy River, but also Licking River, and possibly also 
Kentucky River, belong the upper Ohio basin, and not the 
Cumberland-Tennessee drainage. this case evi- 
dence contributes the solution question which has not been 
fully settled methods. 

the western side have remnants older (Pre- 
glacial) faunistic differentiation. The most important division 
the Tennessee-Cumberland fauna, which, however, only small 
part has been considered the present paper, arid which deserves 
more detailed study. Other remnants what might Preglacial 
faunas are possibly seen the headwaters the Monongahela and 
Kanawha rivers. But these cases the 
ment these parts must studied more closely before can 
arrive final conclusion. 

The Atlantic fauna distinct fauna and the creation two 
faunal provinces, Mississippian and Atlantic (Simpson, 1900, 
505), fully justified. Nevertheless, the Atlantic fauna sec- 
ondary one, derived originally from that the interior basin, and 
its chief character consists the absence great number types 
the interior basin. 

Within the Atlantic fauna have distinguish two main 
elements, northern and southern. The northern came from the 
interior basin around the northern end the Alleghenies the south- 
ern came around the southern end. The former belongs the Pre- 
glacial time, but not very old, while the latter there are some 
rather ancient elements, going back possibly the earlier Tertiary, 
even beyond. The southern element probably closely connected 
with the Tennessee-Coosa problem. 

Along the Atlantic slope have dispersal line directed both 
north and south, which has been clearly recognized, for land-forms, 
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Adams (1902 and 1905). But this route was available for 
aquatic forms life and lies probably mainly upon the Coastal 
Plain, where barriers are largely removed base-leveling. 
smaller degree stream piracy the uplands may have played part 
the dispersal the Atlantic forms. 

the mountains know few cases which indicate crossing 
the divide, but compared with the mass the fauna, these cases 
are very insignificant. However, they are the 
greatest interest far they indicate probable cases stream 
capture. order properly understand these cases, the physiog- 
raphy the region involved should studied more closely. 

addition, have the Atlantic side few cases ab- 
normal distribution for which special explanations have been ad- 
vanced. One them concerns form, Margaritana margaritifera, 
which differs the origin its distribution entirely from all North 
American and which stranger our fauna. The 
other case, Eurynia nasuta, possibly due Postglacial migration 
from the St. Lawrence basin the Atlantic slope, and may 
part quite recent. 

10. Further investigations should made primarily the region 
the southern Atlantic slope and the southern Appalachians, and 
should connected with the study the Tennessee-Coosa problem 
from the zodgeographical side. this region there are extremely 
interesting conditions, which, however, are very unsatisfactorily 
known, and have led Johnson (1905) the erroneous assumption 
that the evidence taken from the Najades unreliable with regard 
the reconstruction the old drainage systems. 

addition, other freshwater groups should the 
present paper the Najades have furnished the chief evidence, but 
has been shown that also certain Gastropods and the Crayfishes are 
might valuable; but there are surely other groups, chiefly the 
Fishes. 


present, only land snail, Helix hortensis Muell., falls under the 
same head. 
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EXPLANATION PLATE XII. 


Map THE ALLEGHENY VIRGINIA, WEST MARYLAND 
AND PENNSYLVANIA. 


The chief Physiographical Divisions are: 


AP: Allegheny Plateau; AM: Allegheny Mountains; AV: Allegheny 
valley; PP: Piedmont Plateau; CP: Coastal Plain. They are marked off 
heavy dotted lines. From the upper Clinch River Covington, Jackson 
River, runs another dotted line, which indicates the chief this region, 
discussed chapter 345. The line heavy dashes represents the 
divide between the Interior Basin drainage the West, and that the 
Atlantic Slope (including the St. Lawrence) the East and North. 

The following abbreviations for rivers and creeks have been used: 


Upper Ohio and Allegheny drainage: 


Beaver River. Creek. 
Clar River. Kis Kiskiminetas River. 
River. Loy Loyalhanna River. 
Mahoning Creek. 
Potato Creek. 
Quemahoning Creek. 
Red Bank Creek. 


Monongahela drainage: 
Buckhannon River. Tyg Tygart Valley River. 


Tributaries Ohio West Virginia and Kentucky: 
Creek. Fk=Levisa Fork Big Sandy 
River. 
Fishing Creek. Little Kanawha River. 
Hughes River. I.=Middle Island Creek. 


Delaware drainage: 
Leh=Lehigh River. Creek. P=Princess Creek. 


Susquehanna drainage: 


Cush Cushion Creek. N.B.=North Branch Susque- 
hanna. 

Ch=Chest Creek. Creek. 

Clearfield Creek. Swatara Creek. 

Coned Creek. Tioga Creek. 

hanna. 
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Potomac drainage: 
An= Antietam Creek. South Branch Potomac 
River. 
River. 


James drainage: 


River (headwaters called: Calf Pasture River). 
Rockfish Creek. Rivanna River. 


Roanoke drainage: 
North Fork Roanoke River. 


Holston drainage: 
Holston=North Fork South Fork Holston River. 


River. 
Middle Fork Holston River. 


EXPLANATION PLATE XIII. 


Fic. Profile from Pittsburgh, Pa., along Allegheny River, Mahon- 
ing and Little Mahoning Creeks Divide, and thence down along Cush 
Cushion Creek, West Branch Susquehanna, and Susquehanna River Havre 
Grace, Md. (sea level). 

Between Curvensville and Keating the river has not been accurately sur- 
veyed. 

Compiled from: Geol. Surv. Atlas Sheets, and Hoyt and Ander- 
son, 1905, pl. and 20. 

Fic. Profile from little above McKeesport, Pa., the Mononga- 
hela and its tributaries (Youghiogheny, Cheat and Shavers Fork, Tygart 
Valley River, West Fork River) the Divide, and thence down the South 
and North Branch and the Potomac River, Washington, 

The sources Shavers Fork and South Branch Potomac are about 
twenty miles apart. account the exaggerated vertical scale, the head- 
waters all rivers much longer than they actually are. 

Compiled from: Geol. Surv. Atlas Sheets, and Bolster, 1907, pl. 
and 
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EXPLANATION PLATE XIV. 
RIVERS AND MOUNTAINS. 


Fic. Profile from Charleston, Va., the Kanawha, New and 
Greenbrier Rivers, the Divide, and thence down the Jackson and North 
Rivers Lynchburg, Va., James River. Also the profile the upper 
Roanoke given and its location with reference New River, and the old 
abandoned valley connecting the two. The upper parts New River are only 
roughly sketched. 

The sources Greenbrier and Jackson Rivers are about fifteen miles 
apart. 

Compiled from Geol. Surv. Atlas Sheets. 

Fic. Profile along the crest the Allegheny Front, and the ranges 
farther south (Peters and East River Mountains), which form its continua- 
tion. The rivers and creeks the eastern foot the mountains are indicated 
dotted lines. the region the Tunnel exact data are missing. 
The two sections the profile are connected The range behind 
Dans Mountain Savage and Backbone Mountain. 

Compiled from Geol. Surv. Sheets. 


Explanation abbreviations: 


Streams: 
Cl= South Fork Clinch River. Br. North Branch Potomac. 
St= Stony Creek. Branch Juniata 
Riv. 
Dunlap Creek. Dunning Creek. 
Fk. Br. Pot. North Fork Fra. Jun. Frankstown Branch 
South Branch Potomac. Juniata River. 
Water Gaps (of New River, flowing West, and Potomac, flowing 
East). 


Towns: Tunnels: 
Pet= Petersburg, Va. O.=Baltimore and Ohio 
Holl Hollidaysburg, Pa. 


remnant the Cretaceous Peneplain. 
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THE RELATION BETWEEN THE PHYSICAL STATE 
BRAIN CELLS AND BRAIN 
MENTAL AND CLINICAL. 


GEO. CRILE, M.D. 


(Read April 18, 1913.) 


The brain all animals (including man) but the clearing- 
house for reactions environment,—for animals are essentially 
motor neuro-motor mechanisms, composed many parts, 
true, but integrated the nervous system. Throughout the phylo- 
genetic history the race the stimuli environment have driven 
this mechanism, whose seat power—the the brain. 

Since all normal life depends upon the response the brain 
the daily stimuli, should expect health well disease 
find modifications the functions and the physical state the 
component parts this central brain cells. Although 
must believe, then, that every reaction stimuli, however slight, 
produces corresponding change the brain cells, yet there are 
certain normal, that is, non-diseased conditions which produce espe- 
cially striking changes. The cell changes due the emotions, for 
are similar, and extreme conditions approach 
closely the changes produced disease, that impossible 
say where the normal ceases and the abnormal begins. 

view the similarity brain cell changes, not strange 
that the clinic well daily life, are confronted constantly 
outward manifestations nearly identical that the true under- 
lying cause the condition too often overlooked misunder- 
stood. our laboratory experiments and our clinical observations 
have found that exhaustion from intense emotion, from prolonged 
physical exertion, from insomnia, from intense fear, certain toxe- 
mias, hemorrhage, and the conditions commonly denominated sur- 
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gical shock, produce similar outward manifestations and identical 
brain cell changes. 

is, therefore, the purpose this paper present the definite 
results certain laboratory researches which show certain relations 
between the alteration brain functions and alterations the brain 
cells. 
experiments showed that the brain cell changes due 
fear may divided into two stages: First, that hyperchro- 
matism—stimulation second, that hypochromatism—exhaustion. 
Hyperchromatism was shown only the pregence the activating 
stimuli within very short time after they had been received. 
This state gradually changed until the period maximum exhaus- 
tion was reached, about six hours later. Then process recon- 
struction began and continued until the normal state was again 
reached. 

from overexertion produced the brain cells 
like changes those produced fear, these changes being propor- 
tional the amount exertion. the extreme stage exhaus- 
tion from this cause found that the total quantity Nissl sub- 
stance was enormously reduced. the exertion too greatly 
prolonged, may take weeks months for the cells restored 
their normal condition. fact, exhaustion from the emotions 
from physical work certain number brain cells are perma- 
nently lost. This probably explains the fact that athlete 
race horse trained the point highest efficiency can but once 
his life reach his maximum record. Under certain conditions, how- 
ever, may possible that though some chromatin forever lost, 
the remainder may remarkably developed that for time 
least will compensate for that which gone. 

HEMORRHAGE.—The loss blood from any cause, sufficient 
reduce the blood pressure, will occasion change the brain 
cells, provided the period hypotension lasts more than five min- 
utes. This time limit safeguard against permanent injury 
the temporary hypotension which causes one faint. the hem- 
orrhage long continued and the blood pressure low, there will 
permanent loss some the brain cells. This why indi- 
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vidual will never again restored his original powers after suf- 
fering from prolonged hemorrhage. 

Drucs.—According their effect upon the brain cells, drugs may 
divided into three classes: First, those that stimulate brain cells 
increased strychnine; second, those that chemically 


Fic. Area from cerebellum, rabbit, hours after fright. 


destroy the brain alcohol and iodoform; third, those that 
the functions the cells without damaging them,—as 
nitrous oxide, ether, morphia. Our experiments showed that brain 
cell changes induced drugs the first class are precisely the same 
the cycle changes produced the emotions and physical 


bd 
Fic. Area from cerebellum, rabbit, during fright. 
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activity. found that strychnia, according the dosage, caused 
convulsions ending exhaustion and death; excitation followed 
stimulation without notable after results; increased 
mental tone. The brain cells accurately displayed these physiologic 
alterations proportional hyperchromatism the active stages, and 
proportional chromatolysis the stages reaction. The biologic 
and therapeutic application this proof obvious 
important. 

Alcohol large and repeated dosage caused marked morphologic 
changes the brain cells which went far even destruction 
the cells. Ether, the other hand, even after five hours admin- 
istration, produced observable destructive changes the cells. 

The effect iodoform was peculiarly interesting, was the 
only drug that produced fever. Its observed effect upon the brain 
cells was that widespread destruction. 

every observation dogs and man pyogenic 
infections caused definite and demonstrable lesions certain cells 
the nervous system, the changes the cortex and the cerebellum 
being most marked. For example, infections the result bowel 
obstruction, peritonitis, and osteomyelitis causing death, the 
real lesion the brain cells. The lassitude, diminished mental 
power, excitability, irritability, restlessness, delirium and uncon- 
sciousness that may associated with acute infections, may rea- 
sonably conclude are due physical changes the brain cells. 

Graves’ Graves’ disease the brain cells showed 
marked changes which were apparently the same those produced 
overwork, the emotions, and strychnine. one advanced 
case was found that the brain had lost permanently 
cells. This the reason undoubtedly why severe case 
exophthalmic goitre sustains such permanent loss brain power. 

brains rabbits which had been kept awake 
for 100 hours showed precisely the same changes those shown 
physical fatigue, strychnine poisoning and exhaustion from emo- 
tional stimulation. hours continuous sleep restored all the 
cells except those that had been completely exhausted. This will 
explain the permanent effect long-continued insomnia ;—that is, 
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long-continued insomnia permanently destroys part the brain 
cells just too great physical exertion, certain drugs, emotional 
strain, exophthalmic goitre hemorrhage. found, however, 
that instead natural sleep the rabbits were placed for the same 
number hours under nitrous oxide anesthesia, not only were 
the brain cells prevented from physical deterioration, but that 
per cent. them became hyperchromatic. This gives possible 
clue the actual chemical effect sleep. For since nitrous oxide 
owes its anesthetic effect its influence upon oxidation, may 


Area from cerebellum, woodchuck, hibernating. 


infer that sleep also question oxidation the cell content. 
this true, then probable that inhalation anesthetics exert 
their peculiar influence upon that portion the brain through which 
sleep itself produced. nitrous oxide anesthesia and sleep are 
chemically identical, then have further clue one the pri- 
mary mechanisms life itself; and practical corollary one 
might able produce artificial sleep very closely resembling 
normal sleep, and with this advantage,—that using anesthetic 
interfering with oxidation the brain cells might reconstructed 
after physical fatigue, after emotional strain, after the depression 
disease. 

the case the rabbit which nitrous oxide was substituted 
for sleep the appearance the brain cells resembled those but 
one other group experimentally examined,—the hibernating wood- 
chucks. 
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researches have shown that the course 
fatal disease and fatal exhaustion, however produced, death does 
‘not ensue until there marked disorganization the brain tissue. 
the progress disease exhaustion one may see different 
patients every outward manifestation mental deterioration 
—manifestations which, person who does not show any 
other sign physical disease, mark him insane. Take, for ex- 
ample, the progressive mental state brilliant scholar suffering 
from typhoid fever. the first day the gradual onset the 
disease would notice that his mental power was below its maxi- 


Fic. Area from cerebellum, woodchuck, after fright. 


mum efficiency the second would notice further deteriora- 
tion, and the mental effect his disease would progress until 
would find impossible express thought make deduction. 
one can philanthropic with jaundice; one suffering from 
Graves’ disease can generous; mental process possible 
the course the acute infectious diseases. Just prior death from 
any cause everyone mental state which could continued 
would cause that individual judged insane. the delirium 
that occurs the course certain diseases could continued the 
patient would judged insane. severe cases Graves’ disease 
the patient insane. Individuals may temporarily insane under 
overwhelming emotion. clinician has seen great numbers 
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tion. The stage excitation anesthesia insanity. The only 
difference between what conventionally called insanity and the 
fleeting insanity the sick and the injured that time. may 
conclude, therefore, what must the brain picture the person 
who permanently insane. This priori reasoning all that 
possible, since the study the brain the insane has thus far been 
wholly the brains these who have died some disease. And 
impossible say which changes have been produced the fatal 
disease, and which the condition producing insanity. The only 
logical way investigating the physical basis insanity would 
make use the very rare opportunity studying accidental 
death the insane. 

Our experiments have proved conclusively that whether call 
person fatigued diseased, the brain cells undergo physical de- 
terioration, accompanied loss mental power. Even the 
minutest detail can show direct relationship between the phys- 
ical state the brain cells and the mental power the individual,— 
that is, the physical power person goes pari passu with his 
mental power. Indeed, impossible conceive how any mental 
action, however subtle, can occur without corresponding change 
the nerve cells. possible now measure only the evidences 
gross and violent mental activity the brain cells. some 
future time will doubtless possible refine the technique 
that more subtle changes may similarly measured. Nevertheless, 
with the means our disposal have shown already that all 
these conditions the cells the cortex showed the greatest changes 
and that loss the higher functions accompanied the cell 
deterioration. 


CLEVELAND, OHIO, 
April, 1913. 
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RADIATED AND RECEIVED ENERGY RADIO- 
TELEGRAPHY. 


AUSTIN. 
(Read April 19, 1913.) 


Duddell and were the first experimenters attempt 
determine the laws relating currents the sending and receiving 
antennas used radiotelegraphy. Their first experiments were car- 
ried near London with distances only few hundred yards 
between the antennas. little later these experiments were re- 
peated larger scale the Irish Sea between land station and 
the steamer Monarch, the experiments this case being extended 
about sixty miles. work served show that the 
distances mentioned the received current fell off directly propor- 
tion the distance accordance with the Hertzian equation for the 
electric force the equatorial plane oscillator. 

The determination this law once aroused great hopes the 
minds all workers radiotelegraphy for the establishment 
long distance communication. was well known that with K.W. 
and with moderate sized antennas was quite possible send mes- 
sages over distances three hundred miles the daytime. From 
this was easily calculated accordance with the Duddell and 
Taylor law, that would necessary use only K.W. with 
antennas 400 feet high carry communication 3,000 miles. 
When the attempt was made, however, was found that only 
exceptionally favorable nights was any communication all possible, 
even with two three times the calculated power, and course 
none all the daytime. This showed once that the Duddell 
and Taylor law was not applicable great distances, and began 
assumed that for communication over water absorption 


and Taylor, Electrician, 55, 260, 1905. 
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existed similar that which had long been recognized overland 
communication. 

1909/10 the United States Navy carried experiments be- 
tween the high power Fessenden station Brant Rock and the scout 
cruisers Birmingham and these experiments regular day 
was obtained 800 miles between the ships, and 
about 1,200 miles between the high power station and the ships. 
Quantitative experiments the effect the height sending 
and receiving antennas were also carried this time, which 
verified the results Marconi, Duddell and Taylor, and Pierce. 
The results all this work were finally summarized the formula 


ad 


where the receiving antenna current, the sending antenna 
current, and the heights the centers capacity the two 
antennas, the wave-length, and the distance; the currents being 
measured amperes and the lengths kilometers. this formula 
the resistance the receiving antenna was arbitrarily taken 
ohms, that being the resistance the Brant Rock station under the 
conditions experiment. That the resistance was the same both 
wave-lengths used (1,000 meters and 3,750 meters) was due the 
fact that series condenser was used the Brant Rock antenna 
the shorter wave-length. the ships, however, there was un- 
doubtedly very considerable difference resistance the different 
wave-lengths. matter fact, have never had oppor- 
tunity measure accurately the antenna resistance these ships. 
From measurements other ships, however, estimated that the 
antenna resistance 1,000 meters would from ohms, 
while 3,750 meters would probably about ohms. more 
quantitative work long distances was carried the Navy De- 
partment until the autumn 1912, although the meantime 
number observations were made moderate distances which all 


Night signals, while generally stronger than those the day time, are 
freakish and irregular and unfitted for quantitative comparisons. 


- 
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tended verify the general accuracy our formula. The new 
series experiments has been made connection with the high 
power naval station Arlington, Va. This station was equipped 
the National Electric Signaling Co. with 100-K.W. rotary gap 
sending set, and was intended for communication with the Canal 
Zone and with the fleet the North Atlantic Ocean. The original 
plan for the antenna submitted the National Electric Signaling 
showed umbrella supported single tower 600 ft. high. 
The experiments Brant Rock, however, showed the experts 
the Navy Department that umbrella antenna gave center 
capacity too low for the most effective working. fact, compara- 
tive results indicated that the effective height was but little any 
higher than the bottom the umbrella, about 150 ft. the case 
the Brant Rock tower, although the total height was this 
reason the Arlington station has been supplied with platform an- 
tenna supported three towers about 400 ft. between centers, one 
being 600 ft. high and the other two 450 ft. The antenna has been 
put sections and consists two flat top antennas 350 ft. long, 
and one 315 ft. long. These are ft. wide with wires each. 
The triangular space between the flat tops filled with trian- 
gular fan wires supported independently the flat top sec- 
tions. The vertical portion the antenna consists fan 
wires, ft. wide the top, narrowing ft. ft. above the 
earth, from which point the wires are brought down cage 
the Fessenden type. The capacity this antenna 0.01 m.f., its 
natural period approximately 2,100 meters and its height the 
center capacity 400 ft. The ground system consists radiat- 
ing network wires covering the space between the triangle 
towers and extending some distance outside. The towers were 
built that they were insulated from the earth with switches 
which they could connected with the ground net system. With 
the towers insulated, the antenna resistance exclusive the in- 
ductance wave-length 4,000 meters approximately ohms. 
Grounding the towers reduces the resistance 1.8 ohms, and curi- 
ously enough, perceptible difference capacity observed, nor 
the natural period changed more than few meters. Theo- 
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retically difficult understand how this great difference 
antenna resistance can produced without changing the field dis- 
tribution vary the capacity and wave-length, but what 
still more remarkable, that found that the ratio between the 
current receiving antenna few miles distant and the sending 
current Arlington remains absolutely unchanged whether the 
towers are grounded insulated. But since the sending current 
with the towers grounded approximately per cent. larger than 
when the towers are insulated, they are always kept grounded. For 
receiving Arlington there practically difference. 
Referring again the formula for the received current 


will noticed that, disregard the absorption term, bears 
striking resemblance the Hertzian equation for the amplitude 
the electric force the equatorial plane This 
equation the form given Zenneck 


where the electric amplitude the distance the length 
the oscillator, and the current amplitude the oscillator, and was 
derived for continuous oscillations and for oscillator consisting 
two large spheres connected thin wires with spark gap the 
middle; arrangement which produces uniform current distri- 
bution throughout the wires. substitute the effective values 
the electric field and current the antennas, place the 
amplitudes, the equation will, course, remain true. Therefore, 
are able determine the length the Hertzian oscillator which 
will equivalent wireless antenna, have once very con- 
venient means calculating the electric field any distance not 
great enough have the absorption come into play. Theoretical 


applies strictly only values amounting large number 
wave-lengths. 
Zenneck, Lehrbuch der drahtlosen Telegraphie,” 45. 
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formule for this purpose have been given and at- 
tempts have been made apply them the case the scout cruisers 
Birmingham and Salem and myself.* 

The are based the assumption that antenna 
erected conducting surface, its field will the same that 
antenna space twice the height, the lower portion being 
exactly like the real antenna but inverted beneath it; that is, the 


length the equivalent Hertzian oscillator will twice the height 

from the earth the center capacity the antenna. Ruden- 

berg observes, however, the imaginary portion does not contribute 

the energy radiated the antenna. Then since the energy 

proportional the length the oscillator, squared 

(2h)? 
2 , 


Hence get the length the equivalent Hertzian oscillator must 

multiply the height the center capacity the antenna 

order determine the theoretical value the received current 

must determine the electromotive force the receiving antenna 
Rudenberg, Ann. Phys., 25, 446, 1908. 


Barckhausen, Jahrb. drahtlosen Telegraphie, V., 261, 1912. 
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multiplying the effective value the field the height the 
center capacity the receiving antenna. are dealing with 
continuous oscillations, the received current will then given 


(2) (undamped oscillations) 


where the high frequency resistance the receiving system. 
the case damped oscillations, however, account the 
form the wave train oncoming oscillations and that the 


resulting current train the antenna, the value the received cur- 


Eh, 

where and are the decrements the sending and receiving 
antenna systems. 

means thermoelements the antennas, measurements 
this kind have been made several receiving stations Washington 
using the high power station Arlington and the station the 
Washington Navy Yard for sending.® 


The results the calculated and observed values are given 
Table seen that the observed values vary between per 


(damped oscillations) 


TABLE 
Arlington 
Capitol 6.4 12.0 27.5 
Navy Yard 
1000 m.) Bureau 10.0 4.1 7.6 


these experiments the distances between the sending and receiving 
stations lay between 1.5 and wave-lengths. The greatest possible error due 
the inapplicability the inverse distance law these short distances 
would about per cent. evidence ground absorption these 
distances has been observed. 
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cent. and per cent. the calculated that is, the effective 
length the equivalent Hertzian oscillator apparently too great. 
This may due either the shape the antennas the fact 
that the earth beneath them not properly conducting assumed 
the derivation the formula. the last supposition true, 
better agreement between the theoretical and observed values ought 
obtained the case ships’ antennas where the ground con- 
sists sea water. Unfortunately, however, the case warships 
least, the problem complicated the steel masts and rigging 
which generally supposed tend absorb portion the ra- 
diated energy. hoped that some time the near future 
experiments may carried out ships free from these disturbing 
influences. seems very possible that the shape the antenna 
and not the conductivity the ground the real cause the diver- 
gence from the theoretical values. the case flat top um- 
brella antenna have nearly the condition two plates con- 
denser which the distance between the plates not large compared 
with the plate dimensions. Under these circumstances certain 
that the electric field distribution will not the same that due 
one the spheres Hertzian oscillator placed the center 
capacity the antenna system. However this may be, the ex- 
periments show that the length the oscillator equivalent the 
antenna land station somewhat less instead greater than 
the height the center capacity. 


OBSERVATIONS GREATER DISTANCES. 


the Brant Rock experiments already mentioned was found 
that for distances more than 100 miles over sea water meas- 
urable absorption the radiated energy took place, that repre- 
sent the received current the full form equation (1) including 
the absorption factor must used. the experiments mentioned, 
observations were made the scout cruisers about 1,200 
miles. The figure (Fig. shows that distance 1,000 miles, 
wave-length 1,000 meters, the received current was only one 
seventeenth what would have been received there had been 
absorption, and since the strength signal the telephone pro- 
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portional the square the received current, the signal was re- 
duced approximately one three-hundredth. 

During the months February and March this year, the 
cruiser Salem was sent voyage Gibraltar for the purpose 


BIRMINGHAM RECEIVED BRANT ROCK, JULY, 1910 
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carrying out tests with the Arlington station. Successful observa- 
tions with the electrolytic detector were made the daytime 
nautical miles, while other detecting devices not sufficiently 
quantitative for measurement purposes, messages were read 
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about 2,100 nautical miles. The results the measurements are 
shown Fig. The wave-length used Arlington was 3,900 
meters, and the’ average sending current was 110 amperes. The 
effective height the Arlington antenna was 400 ft., while that 
the Salem was taken 130 ft., this being the value which was used 
the calculation the formula the Brant Rock test. This 
probably somewhat too high but retained the present calculation 


— 


DISTANCE, NAUTICAL MILES 


for purposes comparison. The curve the figure calculated 
from Tables XVI. and XVIa. the article already The 
observed values the received currents, indicated the crosses 
the figure, were calculated from the audibility measurements made 
the shunted telephone method the electrolytic detector 
exactly the same way the Brant Rock experiments, except that 
account the increased efficiency the receiving set, the least 
audible antenna current was taken seven microamperes instead 
ten. The observer was Mr. Lee, who also took the most impor- 


PROC. AMER. PHIL. SOC., LII, 210 PRINTED JULY 18, 
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tant observations during the Brant Rock test. Considering the diffi- 
culties taking these measurements, the agreement with the theo- 
retical curve all that could desired. especially noted 
that the signals became inaudible almost the exact distance indi- 
cated the formula. 


OTHER OBSERVATIONS. 


Previous the cruise the Salem, number observations 
signals from Arlington were made the daytime various naval 
wireless stations the United States. The results these are 
shown Fig. the curve being before the calculated value 
received current over sea water, and the crosses the observed values 
the various points. will noticed that while the observed values 
uniformly lie below the calculated values, the differences are not 
great would perhaps naturally expected transmission over- 
land. fact, they are most cases not much greater than would 
accounted for the circumstances observation. The St. 
Augustine observations are the only ones which were made the 
calibrated detector and galvanometer method, while those New- 
port, Boston, Guantanamo, Charleston and Key West were taken 
uncalibrated crystal detectors the shunted telephone method. The 
results show that for wave-length approximately 4,000 meters 
the ground absorption small, least for distances less than 1,000 
miles. This very different result from that obtained with 
1,000 meter wave-length between New York and Washington, where 
the received current the summer time reduced per cent. 
the value which would have over salt course, 
must considered, the Arlington experiments just mentioned, 
that most the stations lie the sea coast that the waves either 
pass during portion their course over water might con- 
ceived follow along the shore rather than pass direct line. 
New Orleans the only station which the propagation could 
considered entirely unaffected the sea, and this case the 

great distances over sea, and distances more than 100 miles over 
land, long waves should used account their decreased absorption; 


while for short distances shorter waves are better account their more 
vigorous radiation. 
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RECEIVED 
STATIONS 


100 AMF 


Fic. 


received currents lie relatively lower than for most the other 
stations. 
COMPARISON ARC AND SPARK 


has long been claimed advocates the use continuous 
oscillations radiotelegraphy that these waves travel over the sur- 


417 
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face the earth with smaller degree absorption than the dis- 
continuous wave trains produced spark apparatus. order 
test this point, well some others connected with arc transmis- 
sion, 30-K.W. operated with 500-volt d.c. current was obtained. 
wave-length 4,100 meters this arc produced from 
amperes the Arlington antenna. Comparisons were made the 
received currents from this arc and from the spark set giving 100 
120 amperes the antenna. very careful set observations 
the two types radiation was made St. Augustine, the received 
current being measured the calibrated detector and galvanometer 
method. this distance, 530 nautical miles, difference the 
absorption could observed, the received currents being simply 
proportional the radiation currents the Arlington antenna. 
These results were verified the shunted telephone method, using 
the slipping contact New Orleans and Key West, the 
latter place being approximately 900 miles from Washington. The 
receiving apparatus was then placed the Arkansas and 
taken Colon, 1,800 nautical miles from Washington. the 
voyage, although the conditions were not favorable for accurate 
observations, appeared that during the daytime the arc signals 
gradually approached those the spark intensity. During the 
two days available for observation Colon, the arc signals only 
were heard the daytime. These observations indicated that 
distances above 1,000 miles the continuous waves show smaller 
degree absorption than the waves from the spark. was not 
possible, however, draw this conclusion with certainty, since 
the season the year which the observations were taken, excep- 
tional days occur which might very conceivably affect the continu- 
ous oscillations different manner from those the 
Further observations were made during the recent voyage the 
Salem already mentioned. was found, verification 
our former conclusions, that for distances over 1,400 miles the arc 
received the day time special receiver was equal 


“It frequently observed that night one type wave strengthened 
more than the other. 
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somewhat better than the spark, notwithstanding the fact that the 
spark radiation current Arlington was considerably more than 
twice great the corresponding are current. This normally, 
the absorption had been equal for the two types radiation, would 
have made the spark signals more than four times stronger than the 
arc, the amplitude signal being proportional the square the 
high frequency current. Regular communication with both are and 
spark was continued 2,100 miles the day time. Several times 
day signals were heard greater distances, and these cases the 
was uniformly louder. The night signals were heard all the way 
Gibraltar. 


April, 1913. 


q 


ELIMINATION AND NEUTRALIZATION TOXIC 
SOIL SUBSTANCES. 


OSWALD SCHREINER, 


AGRICULTURE, WASHINGTON. 


(Read April 18, 1913.) 


The fact that certain soils are naturally infertile, once fertile 
are showing decrease their productive power, subject that 
has engaged the attention many able philosophers and scientists 
during the centuries. Some these have explained the infertility 
being caused the absence diminishing quantity the store 
certain mineral soil components, others have contended that the 
plant its growth excreted waste substances, much animals do, 
and that this toxic material poisoned succeeding crops, especially 
they were the same kind. The former these views has led 
the practice supplying minerals the form fertilizers, the 
latter view, directly, indirectly through dire necessity, diver- 
sified farming crop rotation. Thus both lines reasoning lead 
important practical results maintaining and increasing the fer- 
tility our agricultural lands, but neither view can yet said 
have passed the controversial stage through which all great truths 
must pass. 

not desire this occasion dwell these two lines 
reasoning but rather present some new soil facts which would 
seem the apparently opposite views and modify both, 
that each becomes least broad enough tolerant the other. 
refer especially the accumulating store information gained 
through modern chemical and biological research, the nature 
that portion the soil components, variously designated 
organic matter, soil humus, humic acid, matiere noire, etc., and the 
various biochemical changes which are taking place soils, and 

420 
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ever giving rise new compounds through decomposition through 
synthesis, compounds which have distinct properties influence 
plant growth other biological activity soils. With this knowl- 
edge comes the broader view that infertility soils may well 
due the presence organic substances biological origin inimical 
proper plant development the absence beneficial mineral 
elements. The existence toxic organic compounds soils has 
been amply shown the researches the Bureau Soils into the 
nature soil organic matter infertile soils, and the properties 
the isolated compounds respect their action plants, that 
the presence toxic compounds soils must considered.in con- 
nection with future work the problems presented infertile soils. 

The scope the investigation has necessarily been broader than 
mere search for toxic substances and has included soil organic 
matter general with the result that many organic compounds, both 
harmful and beneficial, have been found the course the investi- 
gation. With not single soil compound isolated and identified 
few years ago, those now definitely identified are follows: Acrylic 
acid, adenine, agroceric acid, agrosterol, arginine, choline, creati- 
nine, cytosine, dihydroxystearic acid, glycerides, guanine, hentria- 
contane, histidine, hypoxanthine, lignoceric acid, lysine, mannite, 
monohydroxystearic acid, nucleic acid, oxalic acid, paraffinic acid, 
pentosan, pentose, phytosterol, picoline carboxylic acid, resin, resin 
acids, resin esters, rhamnose, saccharic acid, salicylic aldehyde, suc- 
cinic acid, trimethylamine, trithiobenzaldehyde, xanthine. glance 
the list will reveal the fact that most chemical classes are repre- 
sented: hydrocarbons, acids and hydroxyacids, alcohols, aldehydes, 
esters, carbohydrates, hexone bases, purine bases, pyrimidine deriva- 
tives, sulphur compounds, etc. Most them have been derived 
biochemical changes taking place within the soil from the more 
complex compounds, from the fats, nucleoproteins, proteins, lecithins, 
etc. Forinstance, may trace the complex nucleoprotein molecule 
through its various decompositions, first into protein and complex 
nucleic acid which can further yield protein and nucleic acid. The 
protein resolves itself finally into such compounds histidine, argi- 
nine, lysine, and possibly creatinine, all which have found 
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soils. The nucleic acid may split off phosphoric acid, carbo- 
hydrate such the pentose mentioned above, and one the other 
the soil compounds, xanthine, hypoxanthine, guanine, adenine, 
cytosine. This illustration serves make clear the close relation 
existing between the biochemical changes which take place the 
soil and those which take place the animal. course the ulti- 
mate origin all these soil compounds are found the plant 
and animal debris which finds its way into the soil, through maturing 
plant parts, roots, animal excreta, dead animals, added agricul- 
tural practice organic fertilizers, such dried blood, tankage, 
green crops plowed under. addition these sources which are 
extraneous the soil, there the synthetic action the micro- 
organisms which inhabit the soil, but much further work needs 
done these biochemical changes soils before their entire 
course understood. The forces which are operative have 
already shown those lysis general, especially hydrolysis, 
oxidation, reduction, and catalysis. The life forms which produce 
these forces the soil are the bacteria, molds, protozoa, yeasts, and 
the higher plants. All these contribute the biochemical changes 
soils either through the above forces operative enzymes, 
through the synthesis the organic soil constituents from simpler 
organic and inorganic material. 

After isolation and identification the soil compounds are studied 
respect their action growing plants, wheat being usually 
used indicator. the same time the action various fer- 
tilizer salts diminishing accentuating the action the soil 
compounds plants determined. this manner much informa- 
tion concerning the physiological action the compounds, together 
with suggestions for its neutralization elimination are obtained. 
Owing lack material not all the substances isolated have been 
studied this comprehensive way, but sufficient information has 
been obtained show that among the above enumerated compounds 
there are some that are distinctly toxic plants, others that are dis- 
tinctly beneficial and still that are either doubtful inert 
far direct physiological effects are concerned. 

Among the substances harmful plants, picoline carboxylic 
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acid, dihydroxystearic acid, oxalic acid, salicylic aldehyde and va- 
nillin having been found unproductive soils should receive 
special mention. The first these only moderately toxic and 
has not been exhaustively studied, but interesting showing that 
nitrogen such compound not only not available plants, but 
that the compound containing unfavorable plant develop- 
ment. The dihydroxystearic acid, the other hand, has been more 
thoroughly studied and has been encountered soils from many 
parts the United States. strong inhibitor the normal 
processes plant metabolism and destroys almost entirely the 
normal oxidizing power plant roots, thus inhibiting root .devel- 
opment and the power absorption mineral plant foods the 
roots, even present the most available forms. Salicylic alde- 
hyde even more toxic than the dihydroxystearic acid and like 
salicylic acid strong antiseptic, inhibiting the action bac- 
teria. This salicylic aldehyde was first discovered soil from the 
historic Mt. Vernon estate George Washington, the rose garden 
near the box hedge laid out our first President. The remarkable 
fact connection with this soil was that contained large amount 
mannite, much 500 lbs. per acre. Although this the only 
soil which has been found, the remarkable part was not its 
being found there, for can readily produced certain soil 
fungi, but rather that should persist the soil, when such 
excellent medium for the development bacteria. This sugar 
alcohol appeared have unfavorable effect plants when 
was tested our greenhouse, but were never able make good 
test because the fact that the mannite solutions with the added 
fertilizer salts were such good media for the development bac- 
teria. simultaneous presence the salicylic aldehyde the 
soil, and the fact that the latter was poisonous higher plants, sug- 
gested therefore that the mannite the soil was protected the 
antiseptic action the salicylic aldehyde. Experiments confirmed 
the antiseptic action the salicylic aldehyde preventing the 
decomposition the above mannite solutions and the occurrence 
the large quantity mannite this soil seems thereby explained. 
This case particularly interesting showing that soil compounds 
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affect the lower life the soil well the higher plant life, and 
through these the entire biochemical processes, and furthermore that 
even compound like mannite not toxic itself, its very pres- 
ence points the fact that the soil functioning abnormally, much 
the presence sugar albumen the urine, themselves harm- 
less, point the fact that something decidedly abnormal with the 
metabolism the individual excreting them. The occurrence 
certain compounds soils likewise becomes great agent the 
diagnosis soil troubles. The occurrence the dihydroxystearic 
acid not uncertain indication low and sluggish oxidation 
the soil, whatever may the cause that has brought this about, 
poor drainage, acidity, poor physical management the soil 
other soil abuse. 

The poisonous oxalic acid has been encountered only one in- 
stance thus far, and that soil containing much calcium carbo- 
nate. The amount, however, was extremely large, nearly four 
tons calcium oxalate per acre, that thought play some part, 
even the insoluble oxalate, the peculiar failure apple orchards 
this Experiments greenhouse and orchard are still under 
way determine these mention this case here only 
point out the application this type investigation problems 
where other means fail diagnose the trouble. Another applica- 
tion such work diagnosing the soil trouble which brings 
about the mysterious disease the orange tree and fruit known 
dieback with which growers have struggled for years with annual 
loss thousands dollars and which scientists now consider 
physiological disease, that is, one not caused any pathological 
organisms extraneous the plant itself. All facts point the soil 
condition the cause, but inexplicable has been its behavior 
respect the soil that all ordinary means chemical investigation 
have failed lay bare the cause causes. Typical dieback soils 
from Florida are now under investigation our laboratories 
Washington determine them such organic constituents are 
possible the methods far developed. This work meeting 
with success and number compounds have been isolated and 
these will studied their effect orange trees 
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with Professor Floyd, the Florida Experiment Sta- 
tion, see whether they are responsible for this disease. Like the 
apple orchard experiment this work still progress and not 
ciently well advanced discuss its practical significance but serves 
show the application this type biochemical investigation 
certain great economic problems which confront many agricultural 
industries. Another these harmful soil constituents the pleas- 
ant smelling vanillin, constituent the vanilla bean, but also 
many other plants, shown this and many other laboratories, 
and compound which somewhat harmful 
lings solution cultures, chemically aldehyde 
reducing agent capable being oxidized and having its harmful 
properties reduced such oxidizing fertilizers nitrates. The 
properties vanillin regard plant growth and its effect 
root oxidation and the influence fertilizer salts its action, were 
determined wheat our laboratories several years ago antici- 
pation the day when would found soil constituent. 
What true this respect vanillin also true number 
other compounds but also equally true that some the soil con- 
stituents isolated were not even remotely suspected ever being 
found soils, and fact some them have been previously only 
known products the chemist’s laboratory, for instance, the 
saccharic acid, laboratory oxidation product sugars, the tri- 
thiobenzaldehyde, previously only known sulphur substitution 
product the laboratory. 

While the subject talk limits chiefly discussion 
the soil substances which have found harmful our experi- 
ments, must not omit passing speak the many beneficial 
substances which have been discovered soils the result these 
investigations, and which even more than the toxic substances, make 
clear the parallelism existing between the biochemistry the soil 
and the biochemistry the animal, because some the compounds 
involved are absolutely identical. Among this list beneficial soil 
compounds you will recognize common products animal metabo- 
lism and digestive processes such creatinine, found the urine; 
histidine, arginine, lysine, products protein digestion; xanthine, 
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hypoxanthine, products animal fluids and nuclein 
and nucleic acid itself. These compounds increase plant growth and 
the results obtained would seem show that the plant can use these 
compounds directly building the plant proteins and nucleins 
without further decomposition ammonia and production ni- 
trites and nitrates. 

Nor should pass over the physiologically doubtful inert soil 
substances without suggesting that these have potentiality for good 
bad, depending upon future changes brought about oxidation, 
reduction, other biochemical action resulting the production 
beneficial harmful compounds. Nor should fail mention that 
many these physiologically inert substances, as, for instance, the 
water insoluble resins, have marked physical effect the soil, 
often coating the soil grains and shielding the soil minerals well 
other organic substances from the solvent action the soil 
waters, thus effectively interfering with otherwise normal soil. 

speaking the elimination and neutralization toxic soil 
substances must not lose sight the fact now fairly well demon- 
strated biochemical and biological researches that every soil 
there balance beneficial and harmful factors, soil fertility 
infertility being the resultant the two groups. one the 
other group factors gains the ascendency, the fertility raised 
lowered, the case may be. This balance influenced cul- 
tural treatment, such draining, plowing, otherwise working the 
soil, the application fertilizers, liming, the growth 
plants, crop rotation, etc. All these factors affect the biology 
the soil, the soil bacteria, the molds, and other 
and through them the entire biochemical process soils. Although 
the number toxic soil constituents may very large and probably 
but imperfectly represented those have thus far been able 
isolate, appears nevertheless significant that they are substances 
which have resulted from partial oxidation, but their present form 
have reducing properties, and under favorable conditions are subject 
further oxidation. They may said have resulted under im- 
perfect conditions oxidation aeration whether this the direct 
result poor drainage, soil acidity, lack lime, poor cul- 
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tivation, the growth crops which not promote deep root 
growth active root oxidation. The studies which have made 
soils respect their ability oxidize organic substances such 
aloin has shown that fertile soils are generally good oxidizers 
and infertile soils poor oxidizers. soils that are good oxidizers 
the chances having undue accumulation even formation 
toxic substances are minimum, whereas poor soils with low 
oxidizing power, with low vitality were properly digest the 
organic refuse previous growth, harmful substances result. The 
chief aim improving unfertile soils should therefore build 
them that they will become good oxidizers and through this 
become strong virile soils. the laboratory and greenhouse 
have been able observe the disappearance toxic soil conditions 
thorough aeration and exposure air, the action lime, and 
the influence exerted fertilizers, especially the oxidizing fer- 
tilizers like sodium nitrate, the catalytic influence oxidizing 
substances like manganese. the field the most useful agents are 
(1) better drainage, which promotes better aeration and increases 
the oxidation the soil; (2) liming, which addition neutraliz- 
ing acid tendencies, combining with the substances form insol- 
uble inert compounds, has also the effect increasing the oxida- 
tion the soil and the plant roots well have physio- 
logical effect the plant cells themselves which makes them more 
resistant poisons general; (3) crop rotation, which gives 
the soil each different kind organic debris, changing 
were, the normal food the soil, from time time, and further- 
more necessitates different cultural methods and different fertiliza- 
tion systems, alternating cultivated crops with uncultivated crops, 
shallow rooted plants with deep rooted plants, grain crops with root 
crops, leguminous with non-leguminous crops, with the result that 
the biochemical changes the soil, the digestion, the oxidation, the 
catalysis, the soil, proceeds normal manner, the balance 
soil factors being influenced favorable direction and healthy 
normal soil results; and (4) fertilization, which usually done with 
the motive adding plant food, but which the more modern inves- 
tigations biological and biochemical fields are showing 
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accessory proper soil treatment because addition supplying 
needed plant nutrients they influence the life within 
the soil, because they influence the oxidation the soil, the catalysis 
the soil, the digestive processes the soil, that the biochemical 
processes are altered, the balance factors influencing plant growth 
changed, because they influence the oxidation plant roots, and 
because, directly indirectly, they effect the destruction, the neu- 
tralization, prevent the formation harmful substances. have 
not considered here the mechanical composition the soil particles, 
the big natural agencies which have operated form soils, the loca- 
tion topagraphy the lands and the normal water capacity 


soils, the origin soils, their relation climate and rainfall, all 


which factors influence soil type and contribute make some 
soils naturally more fertile than others, naturally adapted for the 
growth, and sometimes the continuous growth one crop, while 
unsuited another, facts which must receive more and more atten- 
tion the future are get the maximum returns from our 
soils. considering only the means which will tend maintain 
increase the fertility status normal that kind soil, 
maintain healthful, virile state. 

The great question before scientific agriculture not whether 
fertilizers are helpful, more than modern medical science con- 
siders whether foods medicines are helpful, but rather how can 
these made more efficient, more certain their action, more spe- 
cific their application the needs the soil. Soil students 
have the past century contented themselves practically with 
single factor soil infertility, not unimportant factor must 
admitted, but nevertheless one insufficient explain all difficulties, 
namely, that plant starvation, the question lacking plant food. 
The studies have centered about the food the plant while the sur- 
roundings, the home the plant, the soil itself, has been virtually 
ignored, given only minor consideration, except storehouse 
for plant food. Even the more scientific work the past decade 
reference bacteria, and other biological work, the production 
plant food has been the motive all study and all discussion from 
the point view liberating potash, phosphate, increasing the 
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quantity nitrogen for the use the plant. The biochemistry 
these life forms the soil, the multitudinous changes which they 
work have remained unstudied, only those facts were determined 
which influence the amount the so-called plant food, ignoring even 
much material that more truly plant food than the mineral sub- 
stances and inorganic nitrogen compounds studied. all lines 
human activity the sanitary surroundings, the proper medical treat- 
ment and the proper nutrition animals and man, are receiving 
attention and the proper sanitary condition the plant’s home, the 
soil, will also receive more and more attention prevent its har- 
boring the germs devastating plant diseases, and such decompo- 
sitions biochemical changes produce substances inimical the 
health the plant, killing weakening it, that falls ready 
prey pathological organisms. this campaign for sanitary 
home for the plant, the above factors better cultivation, better 
drainage, judicious liming, crop adaptation crop rotation, and the 
use fertilizers, will play important part and learn more 
the functions the latter, their use will become more general 
and more specific that will able tell which will the 
best suited for any particular soil condition soil trouble, and 
the future these will doubt modified and even augmented with 
other chemicals meet special requirements. Some such special 
fertilizers are already the market and more will follow, the only 
danger that the advertising art will outstrip the science, which 
should the basis for such changes. 

The use copper preparations special orange fertilizers, 
the use manganese other catalytic substances promote oxida- 
tion soils are illustrations such use. The oxidation man- 
ganese has received special attention our laboratories and the 
field and the conclusion seems warranted that. such catalytic sub- 
stances depend upon the form which they are introduced pres- 
ent the soil and the form the organic matter the soil, which 
with the manganese forms activating combinations. the field 
work its action still uncertain far increased oxidation 
increased crop growth concerned. poor soils, with acid tend- 
encies, the results are doubtful, will shown forthcoming 
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bulletin the field experiments over period five years such 
acid soil. second period which the soil will limed 
produce neutrality now begun and will interesting learn 
how the manganese will behave under this new condition. 

That even the ordinary chemicals used fertilizers, potash, phe 
phates, nitrates can affect the harmful action organic 
stances has already been incidentally alluded the 
paragraphs. Our researches have shown that the harmful soil con- 
stituents, vanillin and dihydroxystearic acid have their poisonous 
effects greatly diminished even entirely overcome the addition 
sodium nitrate, whereas their harmful characteristics remain un- 
impaired the addition phosphates potash fertilizers. Ni- 
trate oxidizing substance and have shown root oxidation 
increased greatly its use, whereas both vanillin and dihy- 
droxystearic acid decrease root oxidation and are themselves capable 
being oxidized. The effect nitrate and these two substances 
are therefore opposed each other and thus neutralize each other, 
or, what more probable, neutralize their effects. The substance, 
quinone, the other hand has its poisonous action reduced potash 
salts, not nitrate nor phosphate. Quinone active oxidizing 
substance, while potash reduces root oxidation thus again showing 
that these two substances antagonize each other their effects. 
The substance cumarin have found very toxic plants. 
This toxicity not diminished nitrate nor potash, was the 
case respectively with the preceding substances, but its action was 
most remarkably overcome the addition phosphate and 
seemed make difference what form the phosphate was used, 
whether was calcium salt sodium salt, the mono- 
basic, dibasic, tribasic salt. 

have mentioned these illustrations specific fertilizer action 
show the possibilities the future adapting fertilizer treatment 
meet the specific needs the soil based upon perfectly rational 
basis soil treatment meet the requirements specific crops 
the requirements plants suffering from unhealthy, insanitary soil 
conditions, which involve the presence biochemical 
tions resulting compounds detrimental the best plant devel- 
opment. 


3 
q 
‘ 
ad | 
- 


